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Mt 20, FOR LOW COST 

PRODUCTION 

with Newest Developments 
In Air Gaging 


Space restrictions here preclude anything more 
than the briefest description. Phone, wire or write 
for specifications, prices and delivery—or call 
the Sheffield sales engineer in your vicinity. 


Already these newly developed practical preci- 
sion tools are helping produce more and better 
products at lower cost in innumerable plants 


throughout the world. 
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HERE’S WHAT HAPPENS WHEN 


REPUBLIC’S 3-D METALLURGICAL 
SERVICE GOES INTO ACTION 


The field metallurgist comes right 
into your plant. He checks furnace 
temperatures and heating cycles, ma 
chines, set-ups, feeds, speeds, every- 
thing which affects your production. 


The field metallurgist next 
talks things over with the 
Republic Laboratory Metallur- 
gist. His data on tests of alloy 
steels is added to the material of 
the field and mill metallurgist 


Mil, LAB 
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He talks to your plant and engineer- 
ing people, asks questions, finds out 
what you want your alloy steels to 
do. He takes this data with him. 


Then, all three men put their 
heads together and come up 
with a recommendation that is 
the result of pooling their find- 
ings and their experience with 
alloy steels. And since Republic 
pioneered the manufacture of 
alloy steels, this recommenda- 
tion is based on solid data. 


The Republic Field Metallurgist 
talks over his report with 
Republic's Mill Metallurgist. 
Experienced in producing alloy 
steels, he adds his knowledge, 
checks it against your problem 
And since Republic controls its 
alloy steels from ore to finished 
product, he can trace heats of steel. 


The Republic Field Metallurgist passes 
this recommendation on to your en- 
gineers and plant personne! He works 
with them to see that your problem 
is solved satisfactorily, right in your 
piant. It's his job to see that you get 
all the advantages out of the alloy 
steels you use. 


The results often include lower production 
costs, better quality, or even changes in design. 
You can have this free service by calling your 
local Republic Steel sales office. 


LOY Ssyisgits 


Other Republic Products Include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division e Massillon, Ohio 


GENERAL OFFICES « CLEVELAND 1, OHIO 
Export Dept.: Chrysler Bldg., New York 17, N.Y €: 
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4 Great Team-Mates 
for your TOUCH of GOLD” 


Norton REINFORCED WHEELS add value, cut costs 
on hundreds of grinding jobs 





Here’s the Line-U p 


BD : - 
Gla clot 

streng } t 

extra 


severe 


inforcement 
An excellent 
wheel. Also available in 


and points and in hand st 


BN Sirs’ wheel, resinoid bonded 
Glass cl 


loth reinforcement, as in the 
BD. Provides very high resistance to 
breakage in a wide range of cutting-off 
and other jobs. 











Add outstanding versatility to strength 
and to safety, multiply the result by four 
and you have one reason why this Norton 
team rates as the “Big 4” among reinforced 
wheels, 


Separately, each handles a considerable 
number of important grinding jobs. To- 
gether, they cover an almost endless list of 
applications, ranging from light deburring 
to severe cutting-off. And they do every 
one of these jobs with the extra safety, serv- 
ice life and economy that add the real 
**Touch of Gold” to your grinding opera- 


tions. 


Quality Control 

is an important reason for the superi- 
ority of Norton reinforced whcels, From 
the moment that the abrasives, bonds 
und other raw materials enter the mile- 
long Norton Worcester plant until the 
completed grinding wheels are shipped, 
quality control plays an important part 
in their manufacture. Norton Company, 
Worcester 6, Mass. Warehouses in Five 
Industrial Centers — Distributors in 
All Princ pal Cities 


NORTON 


ABRASIVES 


Qlaking better products... 
fo make other products better 








The BFR is outstanding for light snagging, light weld 
grinding, smooth finishing, blending contours and 
corners, removing mold marks, removing rust and 
scale, and scarfing and beveling before welding. Also 
for notching gates and risers. 


. 


The BN is the recommended cut-off wheel wherever 
great strength and safety are vital. Excels at cutting- 
off non-ferrous gates and risers and various non- 
metals. Its range also includes cutting wire rope, 
slotting rails, tuck pointing, etc. Small sizes are popu- 
lar on small portable grinders. 


The BF, a straight wheel version of the BFR, is the 
wheel to use for light deburring, breaking edges on 
machined work, taking off flash from plastic parts, 
removing light welds and many other miscellaneous 
light portable and bench grinding applicauons, 


BF Mounted Wheels and Points, like all Norton 
mounted wheels and points, are trued on their own 
spindles. Having the same laminated construction as 
the larger BF wheels, they are designed for such jobs 
as finishing plastic molds, glass molds, forging dies, 
etc. For hand finishing, use BF sticks, 





Be Sure To Vote! 


Either just before or just after you Industrial Quality Control 


receive this issue of IQC, you will also 

be receiving your ballot to vote for our 

Society officers for next year and for Vol. X MAY. 1954 No. 6 
certain proposed constitutional amend- 
ments. In addition you will receive a 
similar important proposed amendment 
to the articles of incorporation. A proxy 

will also be included in the material j Ap f f 

you receive and this proxy must be a @ o ma ents 
signed by you in order that the execu- 





tive secretary will have the authority to 
Ae ° Vv ! 
cast your ballot on amending the arti- B2 Sure to Vote! 


cles of incorporation ARTICLES 


In essence, the amendments propose Statistical Techniques for Managerial Control 
a deletion in the ASQC constitution and n 
articles of incorporation. This change Some Administrative Attributes of SQC 
is vital from a legal standpoint to qual- 
ify ASQC as an incorporated, non- 
profit, educational and scientific organ- 
ization. The law on several occasions 
has read into our articles of incorpora- 
tion, as now worded, an implication that 
ASQC is a fraternal organization. This The Sampling Operation in Sonegeanen Sampling of Glass Containers 
interpretation restricts your officers an Marrs 1 OUIOU 
from putting the Society in a position Control Limits ben Visual Quality 
to enjoy certain important legal privil- 
eges that will become available if the What Radios; a "Quality Control Chart Tick? 


proposed amendments are approved. 


Company Siete @ on the Quality Problem 


Feigenbe jul 


Industrial Training of ‘Quality Engineers and Supervisors 


Edward A Rewr Ids 
V J y! 


eo A. Aroiar 
Please cooperate by reading these Qya} ity Control Techniques for Electronic Components 
proposals carefully when you receive : 

them and sending in both your ballot hastasie of Geclenan When the Numbers of Observations in the 


and proxy on them. We must have at 
i Subgroups Are Unequal 
least 50 percent of the entire member- ~y R | 

wrlee R Hick 
ship vote on the articles of incorpora- 7 
tion in order to make the voting valid. 


Probability Limits for the Average Chart When Process 


You will notice that in addition to Standards Are Unspecified 
K 


the ballot and proxy there are two en- 
velopes, as usual. The ballot for the A Statistical Study “ an Assembly Problem 
officers and the constitutional amend- k 
ments should be marked, placed in the What S ‘Your IQ in Qc? 
small plain envelope, and the envelope 
sealed, again as usual. The proxy, how- 
ever, has to be signed by you in order 
to be valid. Therefore, the signed proxy Eighth Annual Convention 
and the sealed envelope containing your National Officers 
ballot should be placed separately in Executive Directors 
the large envelope for mailing back to Board of Directors 
our headquarters office at New York Section Chairmen 
Do not put your signed proxy into the Practical Aids, Ellis R Ott. Edit 
small envelope containing the ballot, What Sempling Plan Shall | 
because the ballots are secret and are aag 
not opened until the annual meeting at a 
the »_ cera What's New? : 
But, be sure to vote. When you re- ae Roy A. Wylie, Editor ..102 
ceive your ballot and proxy, look them Bibliography 
over, decide how you want to vote, and eph Movshin, Editor . a 
then do so right away. Don’t run the — Section News 19 
risk of mislaying them or forgetting Forthcoming Courses in Statistical Quality Control 125 
about them by setting them aside to Index to 1QC Advertisers 128 
think about later. And remember, for ASQC News .. 128 
the vote on the articles of incorporation Positions Wanted 130 
to be valid 50 percent of our entire ae api : 
: Pcsitions Available 130 
membership must either send in signed - - 
Consulting Services 130 


proxies or vote in person at the annual ; - 
meeting. Our membership as of April Index to Volume X of |ndu a la ntr 13] 


1 is already over 8000. Last year with 


7 »mbers, less than 4 cast ballots. 

7000 _ mbers, le . ae 4 2 a Industrial Quality Control is published bi-monthly by the American Society for Quality 

So let’s all vote—each and every one of Control, Inc. Entered as second class matter September 18, 1950, at the Post Office at 

us. Let’s not depend on someone else to Milwaukee, Wisconsin. Yearly subscription $3.00; non-members $6.00. Office of publi- 
cation, 161 W. Wisconsin Ave., Milwaukee 3, Wisconsin. Headquarters office, 70 East 45th 

make our decision and have it go by Street. New York 17 
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Correspondence concerning the gen- 
eral management and operation of IQC; 
inquiries regarding advertising rates, 
contracts, and available space; and cor- 
respondence concerning news items or 
other matters for the IQC NEWS SUP- 
PLEMENT should be addressed to 

George R. Foster, Managing Editor 

industrial Quality Control 
Room 6123 Plankinton Bldg 
161 W. Wisconsin Ave. 
Milwaukee 3, Wis 
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INDUSTRIAL QUALITY CONTROL 
is published in January, March, May, 
July, September, and November, and is 
mailed to all members of the Society as 
one of the privileges of membership. 


Direct subscriptions to INDUSTRIAL 
QUALITY CONTROL are not accepted 
from individuals. However, subscrip- 
tions will be received from Libraries 
and like institutions at $6.00 per year. 
Remittances must be in United States 
funds and should be sent directly to the 
Executive Secretary of the Society. 


Back issues, comprising Volumes I 
through IX are available at $8.00 per 
volume, including the Index. Individ- 
ual issues are $1.50 each. 


Correspondence concerning institu- 
tional subscriptions, requests for back 
issues, and allied matters should be 
addressed to 


Dorian Shainin, Executive Secretary. 
American Society for Quality Control 
Room 5736 
70 East 45th Street 
New York 17, N. Y. 


Make checks payable to: 
American Society for Quality Control. 
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GENERAL INFORMATION 
ABOUT A. 5S. Q. C. 


Society Officers 


Alfred L. Davis, President 
Rochester Institute of Technology 
Rochester, N.Y. 


Paul A. Robert, Vice President 


International Business Machines Corp. 


Endicott, N.Y. 

Raymond S. Saddoris, Vice President 
A. O. Smith Corporation 
Milwaukee, Wisconsin 

Julian H. Toulouse, Vice President 
Owens-Illinois Glass Company 
Toledo, Ohio 

Dorian Shainin, Executive Secretary 
Rath and Strong, Inc. 

Boston, Mass. 

Leon Bass, Treasurer 
General Electric Company 
Syracuse, N.Y. 

Simon Collier, Jr. Past President 
Johns-Manville Corporation 
New York, N.Y. 
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Advisory Council 
E. U. Condon, Director of Research and 
Development, 
Corning Glass Works, 
Corning, N. Y. 


M. Herbert Eisenhart, Chairman, 
Bausch & Lomb Optical Co. 
Rochester, New York 


Hermon F. Safford, President, 
Ohio Rubber Co., 
Willoughby, Ohio 


Walter A. Shewhart, Technical Staff, 
Bell Telephone Laboratories, Inc. 
Murray Hill, New Jersey 


Charles Deere Wiman, President, 
Deere & Co., 
Chicago, Illinois 


Copyright 1954 
by the 
AMERICAN SOCIETY FOR 
QUALITY CONTROL, INC. 
Printed in U.S.A. 
All rights reserved 
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Neither this magazine nor any por- 
} tion thereof may be copied or other- 
‘wise reproduced without written 
, permission of the copyright owner. 
) Permission for reproduction of 
,certain specific portions of the con- 
tents may be given upon request, 
‘with the understanding that due 
, source credit will be accorded. 

' Statements and opinions given in 
{articles and papers appearing in IN- 
}DUSTRIAL QUALITY CONTROL 
} are t 2 expressions of contributors 
,for which the Society assumes no 
§ responsibility. 

? Editorial correspondence and re- 
‘quests for copyright releases should 
} be addressed to 

‘ Mason E. Wescott 
? Chairman, Editorial Board 
‘ University College, 

‘ Rutgers University 

} New Brunswick, N. J. 
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Editorial Board 


Mason E. Wescott, Chairman 
Rutgers University 


Paul C. Clifford 

Montclair State Teachers College 
Harold F. Dodge 

Bell Telephone Laboratories, Inc. 
Acheson J. Duncan 

Johns Hopkins University 
Eugene L. Grant 

tanford University 


Frank E. Grubbs 
Aberdeen Proving Grounds 


Lloyd A. Knowler 
The State University of Iowa 


Edwin G. Olds 
Carnegie Institute of Technology 


Paul S. Olmstead 
Bell Telephone Laboratories, Inc. 
Ellis R. Ott 
Rutgers University 
William R. Pabst, Jr. 
Bureau of Ordnance, Department of 
the Navy 


Warren R. Purcell 
Rath and Strong 


Harry G. Romig 
Hughes Aircraft Co. 


Leonard A. Seder 
Consultant 


John W. Tukey 
Princeton University 


W. J. Youden 
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xeneeekerek 


Membership in the American Society 
for Quality Control is available in three 
grades through local Sections or directly 
through the Executive Secretary. An- 
nual dues for direct national member- 
ship are: for Members, $10.00; for Senior 
Members, $12.00; for Fellows, $16.00. In 
each grade, $3.00 of the annual dues are 
allocated as a subscription to INDUS- 
TRIAL QUALITY CONTROL. The 
Member grade is open to any person of 
good character who is 21 years of age 
and engaged or interested in quality 
control. Information covering higher 
grades of membership and concerning 
local Sections may be obtained from the 
Executive Secretary. 


Membership in the Society is per- 
sonal and professional, and is not open 
to corporations, companies, or other 
organizations. 


Contributions to the Society from 
corporations, companies, and others for 
the support of its activities are wel- 
comed and appreciated. 
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It pays to advertise in 
INDUSTRIAL QUALITY CONTROL 
Advertising space is available 


INDUSTRIAL QUALITY CONTROL 





(Upper left) 
A radar is shown 


BELL TELEPHONE 
LABORATORIES 


TELEPHONE SCIENCE 


cuioes a PUNCH 


Nike’s missile climbs to destroy an enemy, under guidance of complex electronic 
the Greek 


at right. Nike (pronounced 


Is it possible to guide an anti-aircraft 
missile so that it will track down and 
destroy a rapidly maneuvering target? 
No one knew the answer for sure when 
the U. 
Bell Telephone Laboratories in 1945. 


a Army put this question to 


The special skills and techniques de- 
veloped to create the nation’s communi- 
cations network uniquely fitted Bell 
scientists to answer this question. They 
recommended a new system, Nike, and 
then worked to bring it into being with 


Ny'’kee) is named after 


controls. 


goddess of Victory. 


engineers from Army Ordnance, West 
ern Electric Company and Douglas Air- 
craft Company. 

The first Nike installation 


made, and more will follow. Thus, Amer- 


has been 


ica’s defenses grow stronger through a 
new extension of frontiers in the com- 
munications art. It is a proud achieve 
ment of the knowledge and skills first 
developed at Bell Telephone Labora- 
tories to make the nation’s telephone 


service ever better. 


Improving telephone service for America provides careers for creative men in scientific and technical fields 
E & i 





Are you overlooking 


the versatility of eas 


VISIT US AT 
BOOTHS 21 and 22 


optical gaging? 





If you have been thinking of optical gaging 
only in terms of shadow projection, you may 
be missing an opportunity to lower your 
inspection costs, speed the work. By modern 
optical gaging techniques, you can inspect: 


LARGE PARTS 


A tracer is used to transfer 
related points on this large 
piston within the limits of 
the comparator screen. 


LONG PARTS 

An accurate index bar posi- 

tions various shoulders of 

q 27” long drive shaft for 

checking 22 critical di- 

mensions. 
DIMENSIONS 
YOU CAN'T SEE 


A double target plunger is 
used to check 4 dimensions > 
on this gun part that can’t 
actually be projected. 


Fast, accurate, and economical, optical gaging 
may well be adaptable to your quality control 
requirements. We welcome the opportunity 
to show you how. Just send us your part 
specifications with critical dimensions indi- 


cated for our analysis. 


OPTICAL GAGING PRODUCTS INC. 
26 FORBES STREET, ROCHESTER II, N. Y. 


SPECIALISTS IN PROJECTION GAGGING 
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Plain Pointers 
on Projection 


ONE of the claims we make concerning the 
Kodak Contour Projector is that once an 
object is brought into focus at any given 
magnification it will remain in focus when 
magnification is changed. (This freedom to 
change magnification is made _ possible 
through the use of a lens turret, mounting 
six lenses, and speeds inspection proce- 
dures.) An operator only need flick a dial 
to switch from one magnification to another 
no time is lost refocusing. 

Occasionally, however, one of our cus- 
tomers writes to question our claim and de- 
clares that he has found it necessary to re- 
focus when changing magnification. This 
does not upset us. Almost invariably the 
difficulty can be traced to the phenomenon 
of optics called “depth of field.” This refers 
to the distance between the nearest and 
farthest points sharply defined by a lens and 
is aptly illustrated by the picture below. It 
is apparent that when a lens is focused on 
one object, other objects—nearer and far- 
ther from the lens—may appear in accepta- 
ble focus. 

One of the characteristics of this phenom- 
enon of depth of field is that it decreases 
sharply as magnification is increased. This 
is equally true when a lens is focused on an 
actual object, as with a camera, or on an 
image of that object, as is the case with our 
contour projector. The result is that when 
working at higher magnifications depth of 
field is considerably less than when working 
at lower powers. 

Consequently, it is possible that an object 
in focus at 10 power may appear out of fo- 
cus when magnification is changed to 100 
power, where depth of field is less and the 
need for precise focusing correspondingly 


| 


greater. Because of this, we recommend that, 
when inspecting parts at several magnifica- 
tions, the part first be focused at the highest 
magnification to be used. This insures focus- 
ing within the narrowest tolerances and, 
when magnification is changed to a lower 
power, the part remains in sharp focus on 
the screen. When this recommendation is 
followed, complaints on the need for re- 
focusing vanish. 

Incidentally, it should be mentioned that 
neither focus nor depth of field affects ac- 
curacy of magnification with the Kodak 
Contour Projector. This remains as rated 
irrespective of the precision of focus, thanks 
to what our optical people call a telecentric 
stop. Which, in itself, is subject for another 
in this series of columns. 





Frequency distribution 
chart of part size based 
on opticol measure- 
ment. 


Frequency distribution 
chart of part size after 
tool alterations. 





Saved...296 pieces per thousand! 


Like many another manufacturer, 
the Hoover Company, Canton, 
Ohio, has its rejection problems. A 
typical one involved a flexible, rub- 
ber-like “litter picker” used in its 
vacuum cleaners. Although toler- 
ances ranged from .085”" to .101”, 
rejects ran as high as 30°;. 

To solve this problem, Hoover 
employed a Kodak Contour Projec- 
tor to measure the parts, plotted re- 
sults in accordance with modern 
methods of statistical quality con- 
trol. Based on these studies, altera- 
tions were made in the cutting tool 
and the holding fixture for the part. 
Rejects dropped from 30‘; to less 


than '; of 1°,;. Savings amounted to 
296 pieces per thousand. 

“Optical gaging with the Kodak 
Contour Projector,”’ say Hoover engi- 
neers, “eliminated incorrect readings 
caused by mechanical distortion of the 
parts. In addition, optical methods of 
measurement proved from 4 to 5 times 
faster than conventional gaging tech- 
niques.”" 

Your own production measure- 
ment or inspection problem may 
similarly be solved by optical gag- 
ing with a Kodak Contour Projec- 
tor. To find out more about it, send 
the coupon for your copy of “The 
Kodak Contour Projector.” 


EASTMAN KODAK COMPANY 


Special Products Sales Division, Rochester 4, N. Y. 


Please send me a copy of your booklet, “The Kodak 


Contour Projector.” 


NAME 





COMPANY 





ADDRESS__ 


city. _— oe 


(Zone) 








Electronic Data Processing Machines. Type 701 
I 


From 
FUNDAMENTAL 
RESEARCH 
and 
ENGINEERING 
DESIGN 
to 


QUALITY CONTROL 








... there’s an 
IBM Calculator 
for every computing need 


Or if your computing problems are of 





advanced technical nature and you do 
not have sufficient need for an installa- 
tion of IBM Machines in your own offices, 
IBM’s three Scientific Computing Service 
offices are at your command. 

They are equipped with advanced IBM 
equipment and are staffed with qualified 
technicians. 

These offices are located in New York City, 
Washington, D. C., and Los Angeles, Cal. 





> INTERNATIONAL BUSINESS MACHINES 
Electronic Calculator, Type 604 590 Madison Avenue, New York 22, N. 














ALTERNATING 
ELECTRIC CURRENT 


This is our 


This is the “radiant energy spectrum”—the horizon for 
the 1600 professional engineers engaged in research and 
engineering at Sylvania’s more than 40 plants and 16 
laboratories. 
This is the broadest possible horizon in the electrical 
industry, since its basis is the activity of the atomic par- 
ticles comprising every substance. This activity releases 
energy in the form of electro-magnetic waves, varying 
widely in length and frequency, depending upon their 
source. As shown above, the spectrum is a scale indicat- 
ing this wide variety, its regions representing TV and 
radio signals, electric light, radar, infra-red heat, etc. 
The research and development under way at Syl- 
vania’s laboratories reaches, in some way, into virtu- 
ally every phase of this spectrum. In the broad fields 
of lighting, radio, electronics, television, Sylvania engi- : le 
neers are constantly developing new techniques, finding Television is one of the major research projects under way 
new knowledge—to meet the future needs of home and at Sylvania’s Research Center, Bayside, L. I., New York. 


~— SYEVANIA 


Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 


LIGHTING « RADIO ¢ ELECTRONICS «¢ TELEVISION 


In Canada: Sylvania Electric (Canada) Ltd., University Tower Building, St. Catherine St., Montreal, P. Q. 





We make jet engines 


at Allison, 


but that isn’t all... 


A variety of Allison products—designed, de- 
veloped and produced by Indianapolis people in 
the eight modern Indianapolis plants—are in wide 


use over scattered parts of the globe. 


Likely as not, that jet you saw—or heard—zooming 
overhead yesterday was powered with an Allison en- 
gine. Allison, you know, was a pioneer in the field of 
aircraft engine production. And, the thousands of jet 
engines built by Allison for modern aircraft have ac- 


than three MILLION hours of flight 


experience all over the world. 


cumulated more 


Along with aircraft engines Allison also designs and 
builds Allison Torqmatic Drives. In the space of a few 
short vears, Allison has become the world’s largest 


manufacturer of Torqmatic Drives for use in Ordnance 


Vode / My \SL— \S 


TRUCKS SCRAPERS 


x 


TAN 


TRACTORS 


"7 


and commercial vehicles and equipment. Down in Vene- 
zuela, for instance, in the Maracaibo Lake region, Torq- 
matic Drives built by Allison are used on oil drilling 
projects. And, on the big building projects like the Ft. 
Randall Dam in South Dakota, you'll find the heavy 
duty trucks and big earth moving equipment are 
equipped with Allison Torqmatic Drives. 

Both in this country, and in foreign countries as well, 
Allison Torqmatic Drives are turning in outstanding 
performances where they are being used in a variety of 


commercial vehicles and equipment such as 


o=—_- = 


CRANES SHOVELS DRILLING RIGS 


Other Allison products include Aeroproducts propellers and numerous parts for Diesel 


locomotives now in use on modern railroads all over the country. And, the Allison precision 


bearings for aircraft, Diesel locomotives, Marine engines, and special application are 


recognized’as “the world’s finest sleeve-type bearings.” 


, 
“Muon DIVISION OF GENERAL MOTORS CORPORATION 


Indianapolis, Indiana 
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Manhours and machine time spent on forgings have to be written off 
as a total loss when a discontinuity turns up midway in the job. 
Even when forgings can be salvaged there’s an extra cost involved. 

Alcoa is bent on eliminating this costly problem. We're one of the 
first in the forging field to pioneer the new quality control device 
called “ultrasonic inspection”. With it, we seek out internal discon- 
tinuities electronically. This new immersion technique is faster and 
more flexible than contact scanning and is more adaptable to forg- 
ings of intricate configuration. 

Alcoa has long been a leader in methods of quality control. We set 
up the country’s first certified metallurgical X-ray laboratory. We 
operate 20 radiographic units in various plants. Immersed ultrasonic 
inspection is one more example of our constant search for means to 
produce better products at lower cost. ALUMINUM COMPANY OI 
AMERICA, 885-E Alcoa Building, Pittsburgh 19, Pennsylvania. 


He saves you manhours with 


SOUNG... 


, ALCOA 
PF ALUMINUM 


ALUMINUM COMPANY OF AMERICA 
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Using an oscilloscope to indicate the amplitude and 
position of reflected high-frequency signals that have 
been sent into the immersed forging, skilled operctors can 
evaluate its structural soundness. Reflected wave p-iterns 
provide assurance of internal soundness with a degree 
of accuracy not available before the advent of 


ultrasonic inspection. 





The Outlook 


is Great eee 


for Oldsmobile ! 





Vision of loveliness ... with new “Rocket” 

liveliness! It's Oldsmobile’s dashing new World's Record "Rocket" 
Super 88 Holiday Coupé! Future- 

stvied—with a new sweep-around pano- 

ramic windshield—a long. vouthful. low- ©) LC) Ss KA ‘@) 3 | i be 
level silhouette—a dashing sports-car flair 

in deor and fender design! And future- 

powered—with Oldsmobile’s famous 

“Rocket” Engine stepped up to an exeit- 

ing new 185 horsepower! Above all, rigid 

(Juality Control standards must be met 

in the manufacture of every Oldsmobile 

that rolls off the assembly line. For 

"54, more than ever before—‘The 

Smart Deal . . . is OLDSMOBILE!” 


OLDSMOBILE DIVISION *« GENERAL MOTORS CORPORATION «¢ LANSING, MICHIGAN 























Davison Produces Dependable Products 


through statistical quality control... 


The Davison Chemical Corporation manufactures heavy industrial chemicals using 
an in process and final inspection system of statistical quality control. 
Because of this record of quality control, industry has learned to rely upon 


Davison for depencable products. Products that can be used with assurance. 


Progress Through Chemistry 


THE DAVISON CHEMICAL CORPORATION 


Baltimore 3, Maryland 


PRODUCERS OF: CATALYSTS, INORGANIC ACIDS, SUPERPHOSPHATES, PHOSPHATE ROCK, SILICA GELS AND SILICOFLUORIDES. SOLE PRODUCERS OF DAVCO™ GRANULATED FERTILIZERS. 





Quality Control 
begins with Research 


World's Largest Research Center for Building Materials 
and Asbestos Products—Manville, N. J. 


Johns - Manville 
e Products of quality for 96 years 
e Pioneers in quality control 


e Manufacturer of 400 lines of products 
for home and industry 


Through the statistical approach to Quality Control, Johns-Manville is 
zealously maintaining its reputation for quality and passing on these benefits 
to its millions of customers. 


Johns-Manville 


22 EAST 4OTH ST. NEW YORK 16, N.Y. 





Quality Control 


for 


Quality Performance 


Continuing research, high engineering standards and a well-developed system of QUAL- 


ITY CONTROL assure that De Laval equipment for agriculture and industry will provide 


users with quality performance—efhcient operation, dependable service and long life. 


De Laval believes in quality control because we know of no substitute for quality. That 


conviction has won and held the lovaity of manv thousands of users. 


THE DE LAVAL SEPARATOR COMPANY 


Poughkeepsie, N.Y. 





An Example of Quality Control! Applied 
to Production Tool Performance 


Recently, a pistol-like power tool cap- 
able of making mechanically sound 
solderless wire connections was devel- 
oped by Western Electric and its team- 
mate, Bell Laboratories. Introduced 
into Western Electric production lines, 
this revolutionary advance in manu- 
facturing techniques presents an op- 
portunity for process quality control 
impossible with ordinary soldered 
connections. 


Here’s why: Soldering is a manual oper- 
ation and the quality of the connec- 
tions can be effectively determined 
only by actual examination of the con- 
nections. With use of the new “‘wire- 
wrap” tool, however, the human-error 
factor is minimized. Now, the major 
factors which control the quality of 
connections are the tightness and even- 





New manufacturing tool presents an opportunity for quality 

control applied to production tool performance. ness with which the automatic tools 
wrap the wires around the terminals, 
and application of Statistical Quality 
Control techniques, including tests 
made of each tool before use and at fre- 
quent intervals during use, provide 
continuing assurance that only good 
connections are being made. 


This is another example of how West- 
ern Electric is constantly applying 
quality controls to manufacturing proc- 
esses to maintain and improve quality 
of Bell telephone equipment. 


western ElecTiC 
Closeup shows solderiess connection made with pistol-like 


power tool shown in use above. 
A UNIT OF THE BELL SYSTEM SINCE 1882 
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She'll switch brands the minute she sees extra value . . . easier use, better quality, 
or more for the money. But to assure repeat sales, the product has to live up to 


her expectavions 


And one of the most important places to maintain this advantage, price- or quality- 
wise, is where your product begins. Examine your processing equipment. Can you 


depend on your tanks and pressure vessels to help you hold a competitive edge? 


Do they give you complete protection of quality, purity and color? Can they shrug ofl 

corrosion or abrasion to assure uninterrupted production ’ Are they meeting your 

requirements for high or low temperature service or pressure or cyclical 

operation? Are they easy to clean and keep clean? If not, you'll want to plan new 

units. And there, you can only afford the best tank and pressure vessel fabrication. By 

calling in a qualified fabricator, you take full advantage of his resources and knowledge. 

Collaborating with your engineers and consultants at the start, he will help translate 

their ideas into the specialized equipment your processes call for. With your productive 
efficiency so vital to tomorrow's competition, it will pay you 





to discuss your equipment needs with our fabricators now 


Or you may wish to contact us for the names of fabricators 
experienced in your field. As a supplier of quality 


materials for {44 years, Lukens Anows equipment builders 
Address: Manager, Marketing Service, Lukens Steel 


‘ 


Company, 691 Lukens Building, Coatesville, Pa 


World’s Leading Producer of 


SPEGIALTY STEEL PLATE - PLATE SHAPES - HEADS - GLAD STEELS 
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Statistical Techniques for Managerial Control 


HOWARD L. JONES 


Illinois Bell Telephone Co., Chicago, Il. 


INTRODUCTION 


The cont I arg usiness | ations requires 


int 


manageme é rpret 


performance i xes many kind sxampl yf such 
indexes are vol of sales other units of 
measurement, profit margin per doll: sales, number 
of customer complaints, number ts produced 
per employee hour, 1umber ! ! ot detective 
units, and number of days lost by employees on account 
of sickness or accident More elaborate indexes com- 
puted by various weighting procedures are common 
The purpose here is to describe an approac h to inter- 
preting or of these indexes. This approach leads to 
objective answers to questions as to whether the position 
of the index indicates the need for investigation with a 
view to possible managerial action. It is being used suc- 
cessfully by hundreds of management people through- 


out the United States and in several foreign countries 


While experience has been 


control of manufactured products, the same principles 


st extensive in the quality 


are applicable n other fields 

For illustrative purposes, the index discussed is as- 
sumed to measure some kind of performance at a divi- 
sion level. But the discussion also applies to indexes 
at the company level. and on down to ndexes measul! ng 


the performance f an individual worke: 


THE PROBLEM 


Joe Smith is division manager for X Corporation (Fig 
1). On the wall behind him is a chart showing the re- 
cent behavior of a performance index for Joe’s division 

Yesterday's figure has just been plotted on this chart 
It’s two points below the previous figure. The question 


immediately arises 
IS THIS DROP IN PERFORMANCE SIGNIFICANT? 


Knowing the right answer to this question is important 
If the drop is significant, Joe should do something about 
it. He ought to find out what caused the drop, and take 
steps to bring about improvement. On the other hand 
as Joe well knows, there are always some fluctuations 
up and down that don’t mean anything. If Joe investi- 
gates every fluctuation and tries to do something 
about it, he will be wasting his time and the time of 
several other people who are trying to help him. Look- 
ing for trouble that does not exist can be very expensive 

Fortunately, Joe doesn’t have to guess about the right 
answer. He knows immediately whether he should in- 
vestigate. How he knows is outlined next 


THE CONTROL CHART 


A close look at the chart (Fig. 2) reveals some broken 


horizontal lines. Joe calls the upper line the upper con- 
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tim The lower one is called the owe control 


limit. As long as the index stays within these limits, 
Joe doesn't need to Ww orry The fluc tuations within this 
band don’t mean very much. But if the index gets below 
the lower control limit, something Joe had 
better find out why, and do it right away. On the othe 
hand, if the index goes above the upper control limit, it 
calls for a celebration. A performance that good is no 
accident. Something new has brought about a real im- 
provement. Joe had better see what this new thing is 
and try to make the improvement permanent 

A chart of this kind, with upper and lower control 
limits, is known as a control chart. It does two things 
for Joe. First, it shows him how his index compares 
with a standard index of performance, plotted as a heavy 
horizontal line midway between the control limits. Sec- 
ond, it shows him whether the difference between his 
index and the standard index is great enough to be of 
any significance. The interpreting procedure is quick 
and sure. All Joe has to do is glance at the chart 

The trick, of course, is to design the control chart so 
that it will actually distinguish between fluctuations that 
are significant and those that are not. This trick is 


described in what follows 


INTERPRETING FLUCTUATIONS 


The proper design of a control chart rests on a very 
important principle: If the fluctuations in any index are 


due to the combination of a large number of small 
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auses, then these fluctuations will have a defi- 
nite pattern, as shown by the diagram in Fig. 3. From 
this pattern, known as the normal distribution, a statis- 
tician can predict the relative number of times the index 
will fall between any two given values. In particular, 
he can compute two values outside which the index will 
practically never fall, and set these two values as the 
control limits. If the index ever does fall outside these 
limits, he can be pretty sure that some new, important 


cause of fluctuations has entered the picture 


Joe Smith can make good use of this principle. As 
long as the fluctuations in his index are due to the com- 
bination of a large number of small chance causes, it 
will usually not be economical for him to investigate 
any given fluctuation, since the effect on the index o 
eliminating one or two causes would be too small to 
make the investigation worth the cost. On the othe 
hand, when the fluctuations are assignable to one or two 
important causes, it will nearly always pay to in- 


vestigate. 


A properly designed control chart automatically sorts 
out the fluctuations between those due to important big 
causes and those due to unimportant little causes. That's 


the reason the chart is so useful. 


DETERMINING STANDARD PERFORMANCE 


The first step in designing a control chart for Joe 
consists in analyzing historical data as to actual per- 
formance t e whether the indexes follow the bell- 
shaped normal distribution (Fig. 4). If so, the average 
of the indexes can be established as the standard per- 
formance level, and control limits can be computed by 
methods described in the textbooks on statistics and 
quality control. All the indexes used in making the 
computations will lie within these limits, and the per- 


formance is sait o be in statistical control 


If some of the indexes used in the computations fal 
outside the control limits as initially determined, thers 
are important assignable causes of fluctuation present 
In that case, the computations should be repeated after 
| 


excluding the indexes outside the initial limits. Furthe 


repetition may be necessary before all the indexes used 
in the computations will lie inside the revised control 
limits. The last revision will result in a tentative con- 
trol chart that will be suitable for a time in helping Joe 
make decisions as to when action is necessary. The final 
revision must wait until Joe has eliminated those im- 


portant causes of fluctuation 
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only helps Joe to IN CONCLUSION 
the perjormu nce indea 7 . ; 
Organizing a successful program for managerial con- 


significant? a he to answer the more funda- 


mental question, IS PRESENT PERFORMANCE SAT- 
ISFACTORY? T nswel No if the performance is 
spbesasacees wes 1. Statistical competence. The control chart approach 


OTHER CONTROL TECHNIQUES is not a simple, one-shot proposition. It requires care- 


trols requires the meshing of several kinds of skills o1 
qualifications, as follows: 


; 
no 


hart is ideally suited for use by busy ful study before the chart is installed, and subsequent 


research from time to time to keep abreast of current 
developments. It should be supplemented by othe: 


ne organization to control 
es under their supervision 
statistical techniques 
for other 

Acceptance 2. Managerial know-how. The statistician’s tools do 

yy example, are designed primarily for not correct situations where performance is not up to 
the quality of incoming materials with standard. They merely point them out. Experience 
n the field is necessary to taking the proper action to 


are also suited to staff audits 
lity . ng out to customers or to other bring about improvement 
or ae partme nts Sur 1 use should be preceded 
ning control charts, 3. Skill in human relations. The statistical approach 
leads to the setting of reasonable levels of standard 


ll desig 
eptability of the work will 
chart tech- performance, and unbiased judgments as to whether 


these levels are being attained. But proper indoctrina- 
tion is desirable to get acceptance of these facts by 
both the people who do the work and the people who 


the control 


screening 

the average 

» some specified level. They are ideally supervise it 
ons where a quality level is required 
Where a program has been properly and carefully 


r than the standard index of quality as 
bette 


statistically. These situations. however, are planned, managerial controls invariably lead to 


ir only where the specifications are fixed performance without increasing overall costs. In most 
by people whi not acquainted with cases, the combination of the skills enumerated above 
quality contr ‘he control chart principle, reduces costs substantially. 
in maximum Statistical controls work bec: use they help manage- 
ment people take prompt action in problem situations 


that are most in need of attention. They prevent wasting 


applied nearly alv s results 
being extensively used 
of life and death, as in 
Air Force time when no problem is present 





Some Administrative Attributes of SQC* 


DALE L. LOBSINGER 


United Air Lines, Inc., Denver, Colorado 


\\ here production and _ service it is founded upon sound scientific Provided continuous knowledge of 
1ed principles. The hunches, the whims, performance quality 


processes are concert sta- 
the guess-work have been largely Encouraged personnel pride in 


tistical quality control probably has 
1 ' " ; 1e = 7 
d eliminated—the initiative is re performance 


, 
done more to clear haziness ar in- 
tained: in fact, additional time is 


decision from the minds of manage- 


‘ ’ left to management and employees These are all items of vital concern 
ment than any other technique de- . 
: h for progressive and worthwhile re- to the enterprise which hopes to 
veloped in the past century. Note lect , : 
what Dr. Llovd A. Know! srem flection as to ways and means to engage successfully in today’s highly 
ar AOvVa 2 now ie! rom- . » thats tic - . . 
, ' _ 2 improve their production at an eco- competitive markets. They are not 
inent teacher of the methods. has to nomical level : " 
; new, to be sure, in business's dic- 
say about their : bil } , 
ar Ss ipilitie , 
Our company agrees heartily with tionary of responsibilities, Dut tn 
increasing frequency with which 
they respond profitably to SQC 
treatment IS new 
oy 73 } ¢ . : . 
SQC techniques The ke to it all—that which pro 
vides SQC’s most substantial con- 


Probably the m« important rea- , 
that , ‘ 1 ; this statement, and for good reason 
son lat quality contro Vy Statis- . . . 
3 matheds has heen om guncee- We have seen the following positive 
iness and industry is that benefits accrue as the result of using 


‘ a I to our customers tribution to modern management 
jointly by the nesota Sectior ‘ Reduced costs is the cohesive nature of the SQC 
and ti Industrial Engineering Division } 1’ 

; ‘ ; Min- Reduced errors methods that makes possible a 


stitute f Technology Ur rsity of 


Improved service 


nesota, in Minneapo ctober 16, 1953 Aided supervision simultaneous and orderly treatment 


Chairman, Mathematics ar stronomy _ 
Departs t. State Ur vo Improved training programs of factors such as listed above: and 
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this in turn makes easier a well- 
administered business organization 


SQC TELLS YOU MORE 


The basic 
SQC’s 
quite simply 


reason for much of 
success can be expressed 
It tells you MORE! It 
provides more information about 
operating processes than previously 


was available through other means 


Just why is this important? It is 
important because increased knowl- 
edge about the nature of a process 
control 


means improved 


This in turn can 


usually 
over the function 
lead to heightened efficiency and re- 
duced cost. The reverse can be true, 
though, when there is an inadequacy 
of operating data. Consider, for ex- 
ample, the effect on pricing a prod- 
uct. When there is an absence of 
data to judge the extent of errors 
or scrap (just to take one area), the 
best competitive price on a product 
is difficult to achieve. The figure to 
the consumer must continue high 
enough to cover all waste, known 
and unknown 
at a time when competition is able, 


although it may be 


through superior analysis and meas- 
urement techniques, to isolate and 
remove causes of defection — then 
drop prices in line with the savings 


For a broad range of businesses, 
statistical quality control is proving 
to be just the measurement tool 
gain the 


management needs to 


necessary data for more effective 
utilization of materials, and 


It is providing a gage for 


men, 
machines 
production efficiency and a means 
determining 


for more accurately 


facility capacity under fixed con- 


ditions. In addition to this certain 
administrative by-products seem in- 
evitably to emerge as management 
aids which fit well into overall or- 


ganization responsibilities 


SQC IN AN AIRLINE 


To bette: 
going, suppose we consider actual 


understand the fore- 


experiences which give the “before” 
and “after” picture related to the 
introduction of SQC. The story is 
one of an airline telephone sales 
office, an area substantially different 
from the thoroughiy explored tech- 
nical domains of the laboratory and 
factory, and yet one which shows a 
striking relationship for quality con- 
trol approaches 

For some time following World 
War Il a very trying condition faced 
our company in the telephone sales 
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There had 


been a large increase in the numbe1 


(reservations) activity 
of people using air transportation, 
but our ability to accommodate thei 
requests for airplane space had not 
kept pace. Performance breakdowns 
in this high-volume clerical activity 
subjected supervisors and agents to 
a heavy load of criticism. The stand- 
ard means of analysis were applied 
in an effort to rectify the condition, 
but these were found ineffective 


Known 


capable of bringing pertinent data 


methods just seemed in- 
into focus for proper understanding 
The situation gradually 
inhappy one, and the 
being ‘unde 


and control 
became an 
constant pressure of 


the gun’ was becoming manifest 
through job transfer 


lowered morale generally. Added to 


requests and 


this was a sharp rise in frequency 
and intensity of customer com- 
plaints. Coincidentally, Mr. D. F 
Magarrell, vice president of Trans- 
portation Services, encountered 
some material describing industrial 
use of quality control. He visualized 
an adaptation of the methods to our 
type of work and asked that ap- 
propriate studies be made to deter- 
Naturally, the tele- 


phone sales function was one of the 


mine feasibility 


first on which attention was cen- 
tered 

Building an airline reservation in- 
to a final product which will meet 
the requirements of the flying pub- 
lic is a complex process For each 


passenger a detailed chart record is 


kept showing flight number, date 
destination, connections, ground 
services, telephone numbers, arrival 
information, return-trip  informa- 
Much of this is recorded 
during the passenger's initial tele- 
phone contact, but a great amount 


tion, etc 


also is accumulated in the form of 
wires, teletype messages, and inter- 
office related to 
various passenger's 


flight. In the larger offices thousands 


communications 


phases of the 


of such messages are processe d each 
“natural” for 
Signifi- 
cantly though, much of the success 


day—providing a 
broad exposure to error 


in selling our only marketable com- 
modity, airplane space, is directly 
dependent on how well errors are 
minimized Inaccuracies in any 
branch of the activity inevitably de- 
teriorate our final service product 
to the custome: 

At the time SQC analysis of reser- 
vations work was first considered, 
only hazy prevailed re- 
garding the true extent and nature 
of errors. This was not a situation, 


concepts 


of course, about which we were 
especially proud; and our only con- 
solation rests in the thought that we 
had always been trying our best 
but just had not come upon the 
technique which could effectively 
handle the voluminous detail and 
complexity of our expanding busi- 
ness 

Following some preparatory re- 
search, the SQC project got under- 


way with a sampling plan designed 
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that i 
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“ction are 
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rret out causes tot 
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ors and mak yrrections through 
versonne! and facility ad- 


justment bef * we arrived at a 


considered we we 


about well as could 


xpected 
re about this dea rf 
work. It is not 


sug- 


precept be stricken 


from management procedures. Not 
at all! This is the only truly great 
to gul le the world’s 
effort. But 


handled re alistically 


inspiration 


progressive in industry 


psychological aid rather than an 
With it one must be careful 
limitations, 


human 


) recognize 


otherwise there is a tendency to 
push employees beyond natural ca- 
generally foments 


The SQC 


help us move 


pacities, and thi 
organizational discord 
tools, skillfully used 
closer to perfection—sometimes sur- 
It is always impor- 
t to remember, though, that “to 


(to vary) IS human.” 


prisingly close 


THE FIELD IS BROAD 
place 


Telephone sales is just on 
profited 


employing 


where we have through 
SQC 
its philosophy and techniques seem 


United Air 


example, our management has been 


Opportunities for 


Line Ss, for 


endless In 


aided by introducing the methods 


, 
work ticket sales 


fi won l 


lling, aircraft 


to accounting 
space ( yntrol, ordering all 
delays, air- 

naintenance 

‘tc. These are fields relatively 

ew to SQC, but 
point they constitute only a begin- 


inventory con- 


Irom our view- 


ning ere are things, 
that 
done in the area of personnel ad- 
Much 
also where administrative reporting 
The 


pointed out by 


important 
for instance probably can _ be 


ministration seems feasible 
latter has been 


Char les Bick- 


is concerned 


ably 


ing* who has done some fine pio- 
neering in the realm. As indicated 
by Mr. Bicking, it is entirely possi- 
ble that practice in the 
future could be 


standard 
to restrict periodic 
affairs to a 
review of SQC 
to tell the 
pertinent 


reporting of business 
simplified 
Just something 


with a few 


vastly 
charts 
facts recom- 


mendations added 


CONCLUSION 
It would seem important for in- 
dustry in general to recognize that 
besides the notable 
achieved with SQC in the technical 


spheres of the laboratory, factory, 


progress 


and machine shop, there yet remains 


the lucrative but lightly explored 
administrative areas which charac- 
terize most businesses of any size 


Filing, 


writing 


invoicing, budgeting, letter 


customer com- 


inventories 


plaints, accounting, personnel data 


{ 


these and many other phases ol 


‘carrying on the business’, are not 
too unlike the reservation detail de- 
scribed above In many Cases, more- 


over, they are crying for an im- 


proved method of analysis 

This writer strongly believes that 
once the movement is fully under- 
way success with administrative ap- 
plications of SQC will equal or ex- 
ceed those in the technical branches 
Additional gains will 
by the 


imagination and effort 


f production 


be limited only degree of 


*The Application of 
Adminstrative Problems 
ty Control, May 1950 





Company Education in the Quality Problem 


\ ODERN quality control pro- 

grams require for their effect- 
iveness real understanding of mod- 
They 
nvolve the identification of today’s 
rather than those 


ern plant quality conditions 
quality problems 
of yesterday or the day before; the 
solution of these problems by the 
best 


techniques; the full 


most up-to-date methods and 
understanding 
of current concepts of quality as they 
relate to company costs, sales, and 
The great 
interest of American 


in the installation of modern quality 


production present-day 


management 
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American in- 
therefore, 


control programs in 


dustry has_ inevitably 


brought with it a major wave of 
company efforts to assure the furthe: 
education of plant personnel in to- 
day’s problems of building and main- 
taining quality products 

Within the last decade there have 
been literally hundreds of activities 
ir this direction on the part of com- 
panies throughout the United States. 
of these educational ef- 
highly 
standards as im- 


quality 


A number! 


forts have been successful, 


judged by such 


proved over-all company 


performance, and greatly increased 
quality effectiveness on the part of 
plant Many 


others of these programs have been 


personnel generally. 
as thoroughly unsuccessful, judged 
by the same standards. 

What are the 


company 


characteristics of 
successful programs in 
quality Who should be 
educated in these programs and on 
Who should be the edu- 
what should be thei 
Are such educational 


education? 


what basis? 
cators, and 
qualifications? 
programs genuinely useful; do they 
really pay off? Or are they frills 
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during installation of a plant quality 

control program? 
Questions such as 

large nowadays in the minds of com- 


these loom 
pany managements and quality con- 
trol engineers, faced with the neces- 
sity and responsibility for designing 
and having operated new quality 
educational programs, or with the 
comparable task of reevaluating and 
revamping existing programs 

The purpose of this article is to 
address _ itself to 
using as its backdrop the patterns 
for successful education in quality 


these questions, 


that have emerged from industrial 
experience of the past ten years 


THREE KEY CHARACTERISTICS 
REQUIRED BY PLANT 
PERSONNEL 


The design, manufacture, 
by a company of products of con- 
sistently good quality require a high 
degree of effectiveness in at least 
three key characteristics of plant 
personnel 

First: Their quality attitudes. Es- 
sential here is the genuine belief by 


and sale 


company employees in the import- 
ance of good quality, excellent work- 
manship, well-conceived designs, 
service-centered selling 

Second: Their quality knowledge 
Vital in this connection is employee 
understanding of the kinds of quality 
problems that bear both upon thei: 
individual jobs, and upon the plant 
in general; appreciation by the em- 
ployees of the existence of up-to- 
date methods for solving their spe- 
cific quality problems; positive ac- 
ceptance by them of the principles, 
facts, and practices of modern means 
for building, maintaining, and con- 
trolling quality. 

Third: Their quality skills. Im- 
portant here are the abilities, both 
physical and mental, through which 
plant personnel actually perform the 
operations essential to quality as 
they are called for 

In effect, the company whose work 
force has sound quality attitudes, 
keen quality knowledge, and ade- 
quate quality skills is the company 
whose work force has the greatest 
likelihood of designing. manufactur- 
ing, and selling high-quality pred- 


ucts 
OBJECTIVE FOR QUALITY 
EDUCATION 


The basic management objective 
for company quality education may, 
therefore, be readily formulated as 
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“the development for plant person- 
nel—in all functions and at all levels 

of those attitudes, that knowledge, 
and those skills in quality which 
may contribute to production of 
company products at minimum cost 
consistent with full customer satis- 
faction.” 

Such an objective is not a new 
one. Long before modern quality 
control had_ attracted 
widespread attention, plant manage- 


programs 


ments were attempting to empha- 
size quality in the training of new 
operators, in the courses designed 
for foremen and supervisors, in the 
types of assignments used in the 
planned rotation of engineers and 
salesmen 

The objective is a broad one. Its 
achievement may involve, at a pai 
ticular time in a specific company, 
the training of shopmen in the 
proper operation of Peterman-type 
lathes; the orientation of field main- 
tenance men in the installation and 
service of a new product to be sold 
to consumers; the sending of inspec- 
tion personnel to gage manufactur- 
ers’ plants to gain intimate knowl- 
edge and skill in the use and appli- 
cation of precision gages of the air 
and electronic varieties 

The objective is one whose 
achievement can be based only in 
formalized 
Much 


process 


part upon the use of 
classroom types of training. 
of the quality learning 
especially in attitudes but to an 
appreciable extent also in knowledge 
and skills—takes place very infor- 
mally and almost imperceptibly dur- 
ing the course of a man’s regula 
working day. Part of it is forced 
uvon him during the finger-burning 
of on-the-job experience; a great 
deal of it comes about as a result of 
the daily contacts between the man 
and his boss; part of it results from 
the exposure of the man to his 
fellow workers 

The management quality educa- 
tion objective is one the means for 
varies widely 
Quality prob- 
lems have only one certainty: their 


whose achievement 


over periods of time 


content will be subject to continual 
change. Hence the solutions to qual- 
ity problems will be a book to which 


chapters are constartly being added, 
bur for which the final chapter is 


education 


Quality 


never ends for the healthy, aggres- 


never written. 
sive company whose products com- 
pete effectively in the fast-moving 
American economy 


QUALITY EDUCATION AS A 
PROCESS 


So education in the quality prob- 
lem is a process that, with varying 
degrees of effectiveness, has been 
taking place in industry for many 
years, in many forms, and in many 
ways. In their desire to modernize 
this process so as better to achieve 
the management objective for com- 
pany quality education, realistic 
company managers and quality con- 
trol engineers recognize that they 
begin with an existing fund of qual- 
ity attitudes, knowledge, and skills 

good or bad, current or hopelessly 
on the part of company 
personnel. They recognize that they 
begin with a regularly functioning 
informal learning process which is 


antiquated 


continually adding to this fund of 
education. They recognize that they 
begin with—to the extent that such 
activities have been in operation—a 
formal process of on-the-job, vesti- 
bule, orientation, and 
training activities in job skills as 


classroom 


related to quality. 

It is interesting to observe that 
many of the modern quality educa- 
tional efforts which 
unsuccessful for American compa- 


have proved 
nies during the past ten years are 
those which have paid little or no 
attention to this principle: To de- 
termine where a man or a program 
or a quality educational activity 1s 
going, it is first necessary to learn 
where that man or program or’ edu- 
cational activity has come from—and 
then act accordingly. 

While much attention was lav- 
ished on their content and teaching 
methodology, the unsuccessful com- 
pany quality educational activities 
never really fitted deeply into the 
company for which they were pre- 
sumably designed. Some were of- 
fered prematurely; others were 
couched in quality terminology that 
completely threw overboard the tra- 
ditional plant designations for re- 
jects, losses, and quality faults; still 
others took no advantage at all of 
the quality educational process that 
had been going on in the plant fer 
many years: collectively they never 
really came to grips with the com- 
pany and its quality problems as 
they really existed at the time the 
educational programs were begun 

Experience seems strongly to in- 
dicate, therefore, that the first steps 
for a quality control engineer in ap- 
praising his plant’s needs for modern 
quality education are (1) to analyze 
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carefully the existing company qual- 
ity educational process, (2) to de- 
termine the 
ocess 
ild the 


ional 


this inforr 


ANALYSIS OF THE EXISTING 
QUALITY EDUCATIONAL 
PROCESS 


There a three basic question 


that the q ialitv control engine 


ask about tl existing 


cation 


QUESTION ONE: What 


; ; y 
scope magnit and effect 


of ts for? 
personnel ic job knowl- 
é dge and ; requ red for 


the bu I | maintenance oT 


good q a 
Even if a plant has an officially 


' 
I 


ries on all formal training activity 


and which may have ready well- 
organized answers fot hit on this 
question quality control engi- 
much deeper than the 
analys wo ild be 


through is type of evaluation by 


nee mu 
| 


provide i 
men and wome}r whose horiz m is 
almost necessarily hig ily spec ial- 
zed. The 


should go to the grass roots of this 


quality control enginee! 


training effort—to see and analyze 
himself, for example, the emphasis 
placed by the apprentice school on 
relative types ol quality knowledge 
and skills; the amount of time that 
is actually spent in the vestibule 
room in providing to new operators 
job skills relating to quality; the 


reaction of foremen to the calibre 

the knowledge and skills gained 
by employees in such training; the 
reality, as compared with the com- 
pany’s current quality problems, of 
the inspection training manual used 
in the plant 

If the 


training 


company has no formal 
staff, the 


have to dig deeply 


quality control 
engineer! may 
even to establish just what formal 


training efforts 


in quality are being 
carried on by various sections and 
supervisors. It is vital that he estab- 
lish such facts. for a major purpose 
of his analysis of the current auality 
education process is to gain a pic- 


ture of the total hours 


hence total 
| 
I 


dollars Heme expended f ’ la 


What 
th nking 


QUESTION TWO 


effect on the quality 
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plant personnel due to the informal, 


on-the-job, day-by-day influences 
of exrper ence, contacts, and erposure 
that s so basic to the process ot 


ility education in a company ’ 


qY itit 

The ingle 
that the 
has with which to answer this ques- 


most useful criterion 


quality control enginee 
tion is the degree of quality minded- 
section by section 


While no 


quantitative 


ness that exists 
throughout the plant 
techniques for the 

measurement of quality mindedness 
seem vet to have been developed 


quality mindedness can be sharply 


and readily appraised qualitatively 


by an experienced quality control 


lan 


QUESTION THREE: What are the 
scope, magn tude, and effectiveness 
of its formalized efforts to train 
plant personnel in the modern con- 
cepts of qual ty, and in the programs 
and methods of modern quality con- 


trol? 


Typically in the early days of in- 
stallation of a modern quality con- 
trol program for a plant, the answer 
to this 


nothing is being done. It remains 


question is that almost 


however, a very useful practical 
question to ask 

It is surprising how often material 
that relates directly to modern qual- 
ity and its control techniques may 
turn up in some dark corner of the 


Years 


ago someone may have inserted such 


plant’s educational process 


material in a foreman’s training 
course in which it has effectively, 
though obscurely, since been used 
Possibly some supervisor or work- 
man—to whom the terms X, R, or 
p charts would be new language 
has instinctively found how useful it 
seems to be to chart reject percent- 
ages or to tally readings on parts 
from certain machine tools—and this 
supervisor or workman has educated 
or is trying to educate those around 
him in the value of these methods 
Such home-grown material —as 
well as the people who have used 
and developed it—can be tremen- 
dous assets in any formalized qual- 
itv control training courses being 
planned. To use such material, how- 
ever, requires that the quality con- 
trol engineer know that it exists 


USE OF ANSWERS TO THE 
QUESTIONS 

Answe rs to these 

provide the quality control engineet 


three questions 


who recognizes that the totality of 
the plant’s quality educational proc- 


ess is one of the most important 
influences that must be utilized on 
behalf of the company’s quality con- 
much of the 


basic material he needs for planning 


trol program — with 


the types and kinds of moderniza- 
tion that must take 
this educational process up to date 

Specific action to be taken in the 
area of Question One 
training in specific job knowledge 


plac e to bri 


formalized 


and skills as related to quality pro- 


duction—represents a major prob- 
lem of industrial education in itself 

the quality aspects of training ap- 
cadet 


neers, new employ} 


student l 
As such, dis- 


are beyond the 


prentices, 


cussion of its details 
scope of and space available for this 
particular article, but by no means 
beyond the scope of attention of an 
over-all, plant-wide modern qual- 
ity control program 

Area Two—the informal process 
of quality education—involves for 
action solution to the various prob- 
lems of developing and maintaining 
quality mindedness majo! 
field for quality control attention in 
itself 
tailed discussion in these particular 


might be noted that 


again ¢ 
although not possible of de- 


remarks It 
there has been a good deal of re- 


} 


view on the quality-mindedness 


problem by quality control people 
in recent months; my own point 
view toward this element of the 
quality educational process is repre- 
sented in an article carried in the 
Convention issue of “Industrial 
Quality Control” for May, 1953 
Area Three—the formal training 
of personnel quality 
probiems and in control techniques 


in modern 


is the issue usually of prime inter- 
est to quality control engineers who 
are endeavoring to modernize thei: 
company’s quality educational proc- 
ess. As such it is the area to which 
the bulk of the remaining remarks 
in this article are directed. Discus- 
sion is confined to the more general 
aspects of formalized quality control 
training 


FORMALIZED TRAINING IN 
QUALITY CONTROL 


Members of the teaching profes- 
sion, who have studied the learning 
processes of groups and individuals 
at all levels of the modern factory 
have repeatedly told us of their 
unanimous conclusion: Adult men 
and women in industry—you and I 
among the many others—will learn 
things which 
know, which 


and retain only those 


we think we need t 
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inely believe will help us in 


Which we think will most 
problen ~ 


thing 


this, and experi- 


education certainly 
most effective 

ing courses are 

lality problem- 

tna! quality theory- 

st whose course con- 

built around specific assist- 
helping men and women do 


pettel 


ance lI! 


their q iality those whose 


objective is he dissemination of 


principles and practices for solving 


basic, issues; 


down-to-earth quality 
} 


ratnel tnan the dissemination ol 


broad theories for 


quality 
discussi« 


The first and most universal prin- 


ciple in uilding a quality control 


therefore 


training program 


seems 
» be: Keep down to earth and 

; 
centered upon real 


probiems - 


al, meaningtiul 


plant quality 


oncentrale 


upon racti- 
qual ty ma 

Several other principles have sim- 
mered out of the past decade of 
industrial experience and may be 
readily cited 


In developing the 


| training programs, 
ntrol engin« and or 
should work and con- 
‘anization to the 


extent poss!ibd 


he line o1 
especially in 


kinds of 


to the scope and 


material to be used in the programs 
After all the | 
the bulk of quality problem 


ine organization 


solving for the plant and. from a 


marketing point of view 
with its e ploves s the customer for 


represents 
quality control training. Line people 
should, therefore, be encouraged to 
ourse work ing car- 
quality control engi- 
neering as an assistance to the line 
rather than as a substitute for it 
Principle No. 3—The quality con- 
trol training programs should be 
based upon recognition that the 
solutions to industrial problems, and 
solutions to 


therefore the quality 


are always changing: con- 


problems 
sequently education in quality con- 


trol methods techniques can 


never be considered as completed 
It follows that participants in the 
control should be 


quality courses 


strongly ncouraged to 


continue 


their education on a self-training 
basis after completion of the formal 
course, through whatever means are 


most appropriate for this purpose. 
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It also follows that formal quality 
control training courses should have 
aefinite organized provisions lol 
periodic, brief refresher courses fo1 
plant personnel who have completed 
the basic training courses 

Principle No. 4—The training pro- 
grams should, in » long run, in- 
clude and or involve as participants 
all levels of personnel from general 
management through to the skilled 
machinists 

Since interests and objectives dif- 
fer widely among organization lev- 
els, individual courses in the quality 
control training program should be 
tailored to fit 


no attempt should be made to force 


these several needs 
training 
different 


needs as those of the general man- 


a_ single control 


quality 
course to fit such widely 


the quality control trainee, and 


inspection loreman 


THE RANGE COVERED BY 
QUALITY CONTROL TRAINING 
PROGRAMS 
In large 


gram of quality control training may 


] 
plants a long-range pro- 


include any or all of such training 
activities as the following 

1. A brief and general course fo1 
first line supervision in modern 
methods of planning and controlling 
quality, concentrating essentially 
upon the physical elements affecting 
product quality. Such a course often 
will run three or four sessions, each 
of an hour or one and a half hour’s 
duration 

2. A 


sion for middle and upper manage- 


general orientation discus- 
ment levels portraying modern qual- 
ity control as a management plan- 
ning and control technique, and con- 
centrating upon the dollar and fi- 
Such a 
involves two o1 


nancial aspects of quality 
course olten three 


sessions, each of an hour or one 


and a half-hour’s duration 
3. Orientation training in quality 


This work 


may be carried on as a part of regu- 


‘or new plant employees 


lar new employee plant orientation 
activity 

1. A brief, simple, visual presenta- 
tion to skilled workmen and assem- 
bly operators of some of the ma- 
chine process and assembly aspects 
of quality control 

5. A course in methods and rou- 
tines of control 


practical quality 


techniques for inspectors, labora- 
foremen, and 
whose daily work 
better quality 


Such a course may run from sixteen 


tory men, selected 


others requires 


new and training 


to twenty sessions and emphasize 


engineering, manufacturing, sales, 


and inspection phases of quality 


control. It will cover a general and 
brief review of the statistical meth- 
ds that may be involved 

6. A detailed training course Lol 
become tull- 


individuals who may 


time members of the quality control 


ition or whose work and 
background make such training de- 
sirable. Such a course may involve 
not only detailed discussion of prac- 
tical quality techniques and meth- 
ods, but it 


knowledge of the statistical methods 


also provides a_ basic 


that may be useful in a modern 


quality control program 


RESPONSIBILITY FOR QUALITY 
CONTROL TRAINING 


Over-all authority for and cogni- 
zance of this broad quality control 
training program are the responsi- 
bilities of the plant quality control 
engineer, although the actual oper- 
ating details of the training courses 
may be carried on for him by the 
Members of the 


plant organization are used to the 


plant training staff 


widest extent possible as instructors 
and guest speakers in these courses, 
furthe: 
problem-centered 


quality 
Outside 
be profitably 


to emphasize thei 
nature, 
consultants may em- 


both in the early days of 


control 


ployed 
quality when the 
plant 


not yet 


training 
control engineer has 


sufficient 


quality 
developed com- 
petency to direct the programs, and 
during the operating phases of the 
training programs so as to provide a 
broad point of view and an outside- 
the-plant perspective 

Of fundamental importance to the 
success of these quality control 
training courses is that they be con- 
sistent among themselves within the 
plant in the point of view they take 
toward modern quality control, and 
that this point of view also be con- 
with the actual 


sistent operating 


quality control policies and 


There are, in 


plant 
practices general, 


two basic issues upon which most 


new quality control 


grams have difficulty in 


training pro- 
regard to 
this matter of consistency 


The: are . 


1. What quality control is; in ef- 
fect, what is the training course 
control? 


definition for quality 


What is the scope of a modern 
control program to be 
training 


quality 
considered in the 


course”? 
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contro 
ant first to ot 
yonsibilities of the 
iS quality 


course 


a difficult 
tre past several 
the term “quality control’ 


Dee! applied to most pro- 


advanced fo 


that have been 
ving product qualitv and for 
st of its Mma.ntenance 
come to have almost 
nitions as there have 
proposed ior its use 
ntrol for training pur- 
a series of sampling 
methods? Is it to desig- 
oubleshooting of factory 
s? Is the activity to 
mous with industrial 
statistics ’ 
These definitions refer to individ- 
ial methods for controlling quality 
A quality control 


bjective establishment of 


engineer whose 
truly 
control 


proble m-centered quality 


training programs would reject them 
as being too restrictive 

He would conceive of quality con- 

as the over-all factory-wide 

attaining management's 

quality goal. Such a broad program 


ncludes any of these individual 


nethods sure preventive 
maintenan inspection planning 

| prim function is the or- 
administration of 


these several methods 


vanizatior and 
The quality control engineer 
would want the definition for qual- 
ity control for use in the training 
course t mirror this administrative 
He would accept one 


“Quality 


system fo! 


point 
such following 
control company 
programming and coordinating the 
quality maintenance and _ quality 
improvement efforts of the various 
groups in the organization so as to 
enable production at the most eco- 
nomical levels which yield full cus- 
tomer satisfaction.” 

The maintenance of tools so that 


they will produce satisfactory parts 
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«} 
iune 


ognized i quality control 


y under this definition. So is 
odic check of thread gages 
the analysis by drattsmen of toler- 
nce build-ups, the use of machine 
floor inspectors, the determination 
he accuracy of the machine tools, 
the use of sampling inspection plans 
A more popular, slogan-like ver- 
ion of the definition might readily 
ised. It states that quality con- 
trol means programming the job of 
making the product right the first 
time at the best cost which will 
result in satisfied customers 
Whether the definition 
internal training course consistency 


used tol 


is a slogan-like one of this sort o1 
] 
| 


ne which is more formal is largely 


1 matter of taste; what is important 
is that it is definitions of this type 
that would be used as the foundation 
for the development of modern qual- 
ty control training programs for a 
present-day plant 


Second Modern Qual ty 


Control Program 


Se ope of ¢ 


What modern quality 
control should be accepted by the 


What 


should it consider as being used in 


scope fo! 


training course? methods 
Are its discussions 


work? Are 


production and engineering consid- 


quality control? 
confined to inspection 


erations involved? 


Answers here depend upon the 
determination of still 
What affects the quality 
Where is it affected? 

During machining? 
In final assembly? How is the qual- 
ity affected? Who affects it? 


Those factors which may have im- 


more basic 
questions 
of a product? 


During design? 


portant effects on product quality 
must be controlled if management is 
to attain its 


product. It is the consolidation into 


quality goal for the 


an over-all program of various tech- 
niques for this control which con- 
stitutes a complete quality control 
program 

A company 
through many hands and processes 


product passes 


before it is finally 
customer. It is merchandised by a 


received by the 


marketing group which broadly es- 
tablishes the product specifications 
It is 
group which 


designed by an engineering 


turns these require- 
ments into actual factory standards 
Its materials are procured by a pur- 
chasing group which has an impor- 
tant effect in determining the qual- 
ity of these materials. The jigs, tools, 
and fixtures for its production may 


be developed by a methods group 


manufactured and assem- 
Mate- 


rials and life-test performance may 
, 


Parts are 


bled by a production group 


be approved by a laboratory group 
Conformance to standards is checked 
by mechanical inspection and elec- 
tric test groups. The container in 


which the product will be trans- 
ported may be developed by a pack- 
aging group. The product is placed 
in its container by a shipping group 
Quality of the 


adversely affected at several of these 


product may be 
stages in the production process. It 
may be affected by human beings 

inadequate 


operato! carelessness, 


design, unsound 
specifications by the sales managet 
It may be affected by 


machine 


supervision, poor 
mechanical 


factors — inaccurate tools, 
decrepit jigs and fixtures. It may 
be affected by natural causes—dust 


in the air which coats over the 
product contacts, excessive humid- 
ity which causes chemical action on 
the parts 

So the 


training course would recognize that 


modern quality control 
a complete quality control program 
starts with the design of the product 
and does not end until the product 
is placed in the hands of a custome1 
The activi- 
ties to support this program fall into 


who is satisfied with it 


four natural classifications, some- 


times called Jobs, which are: 
1. The control of new designs and 
new products, or “New Design 
Control.” 
The control of 
chased parts and materials, o1 
“Incoming Material Control.” 
The control of 


machines, 


incoming pu 


parts ana 


batches from proc- 


esses, and assembly lines, o1 
“Product Control.” 

The conducting of special tests 
of factory and processing prob- 
“Special 


lems, 01 Process 


Studies.’ 


The training course would empha- 
size that these four quality control 
directly in with the 


over-all production cycle of a plant, 


activities geal 


and are supported by definite rou- 
tines. These routines are approved 
by plant management in accordanc¢ 
with a definite plan. They are part 
of factory practice just as are pro- 
duction control or cost control rou- 
tines. The course would emphasize 
that the existence of these routines 
and their integration into an over- 
all system are the very 
effective quality 


heart of a 
genuinely control 


program 
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CONCLUSION 
Ir summary, therefore, the top 
management objective for company 


education in the quality problem 


may be clearly stated: It is to de- 
personnel—in all 


velop fo. plant 


functions and at all levels—those 
attitudes, that knowledge, 


skills in quality 


and those 
which may con- 
tribute to production of company 
products at minimum cost consistent 
will full customer satisfaction 

This objective—which is by no 
means new—has historically been 
achieved by a broad process of qual- 
involved not 


ity education which 


only formal quality training courses 


but to a large extent many informal 
quality influences. The modern qual- 
ity control engineer recognizes that 
part of his task must involve assur- 
ng the modernization of this process 


in three major areas 


1. Formal training courses for the 
development of quality control 
types of knowledge and skills 


Formal training courses for the 
development of specific job- 
centered quality knowledge and 
skill in such areas as machin- 
ing, processing, Inspection 


Those informal influences upon 


plant personnel which have 


major elfects upon tne aegree 
of their quality mindedness. 


Throughout, the quality control 


engineer recognizes that the total- 
ity of the plant's quality educational 
process is one of the most important 
influences that must be brought to 
bear in behalf of the company qual- 
ity control program. He also recog- 
nizes that sound company education 
in the quality problem is one of the 
most vital elements in achieving 
the basic quality control objective: 
to manufacture products into which 
quality is built and maintained at 
the most economical costs yielding 


full customer satisfaction 





Industrial Training of 


Quality Engineers And Supervisors 


EDWARD A. REYNOLDS 


* 


Ronson Art Metal Works, Inc., Newark, N. J. 


A supervisor or engineer in in- 
dustry normally improves in ability 
and value through one or more of 
four possible types of training. 


These are: 


Experience Training—primarily 
self-acquired on the job by contact 
with the day-to-day problems 
Guidance Training—from personal 
contact with his superiors (some- 
times with subordinates or equals) 
as they advise him on methods and 
actions 
Independent Study 
meetings, study of 


classes, tech- 
nical books, 
etc., undertaken on his own in- 
itiative, without direct company 
sponsorship, and primarily in the 
direction of his personal interests 
and ambitions. 

Classes 


Company training 


through classes or conferences 
conducted, or sponsored, by the 
company and in the direction of 


the company’s interests 


More and more, companies are 
putting an increased emphasis on the 
last type of training—not because 
such classes are a satisfactory sub- 
stitute for experience, guidance, or 
initiative; but because they are a 
necessary supplement when there is 
insufficient time or insufficient em- 
ployee ability to depend solely upon 
the other three 
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This is particularly true in many 
quality control groups, where new 
techniques and the handling of new 
functions must be learned by in- 
completely trained employees, or y 
employees trained through exper- 
ience in older ideas and methods. 

The writer recently secured infor- 
mation from inspection and quality 
heads in 56 companies regarding 
their training ol inspection and qual 
ity supervisors and engineers. Of 
these, 48 either conducted company 
classes or paid for outside extension 
courses for at least some of thei 
quality personnel, and 26 did both 
However, over one-third of these 
men expressed dissatisfaction with 
their training programs and believed 
additional or improved training de- 
sirable 

It is the purpose of this paper to 
discuss some of the general planning 
and methods for class-type training 
of inspection and quality control 
supervisors and technicians in the 
hopes that this may be of help to the 
requiring bette: 


many companies 


training for this group. 


NEED FOR TRAINING 


The need for training is basically 
a function of the quality group’s 
ability to handle its quality respon- 

Paper presented on the program of the 


Sixth Annual Convention, ASQC, Syracuse 
N. Y., May 1952 


sibilities 
complexity of the quality problems, 


It can be measured by the 


the education, experience, and in- 
itiative of the quality personnel; and 
by the current rate of improvement 
in both the quality personnel and, 
solution of quality problems 


To those companies who are in 
doubt as to whether or not they re- 
quire improved training, the write: 
suggests the following simple test: 


1. Have you been able to satis- 
factorily fi 


middle-level inspection and qual- 


li most of your top and 


ity openings by upgrading from 
within during the past few years? 
Are your inspection and quality 
supervisors and engineers be- 
coming of increasing value to the 
company and advancing steadily 
in both responsibility and rate of 
pay? 

Are many of this group doing in- 
dependent outside study of newer 
quality control methods through 
extension courses, attendance at 
ASQC meetings, reading of tech- 
nical books, etc.? 

Have continuing and important 
improvements been made in youn 
methods of machine control, gag- 
ing and testing; in your analysis 
and use of inspection and test 
data; your selection and super- 
vision of inspectors; and in your 
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el of employes quai- 


nt 


itv consciousness during rece 


years ~ 
) Ha t 


duced in seriou 


q ialit problen 
ratio of quality cost 
inspection labor scra 
tc.) lowered over the 


mur al wers 


the write s be lief that you 
find insufficient training of you 
quality personnel to be an important 


factor 


PRELIMINARY APPROACH TO 
TRAINING 


Before embarking on the details 
of what, when, where, and by whom 


training should be conducted, it is 


suggested that companies planning 
extension of their quality control 
training ive consideration t the 


following: 


oy 


fo ¢ 


l. Make personnel e 
rained a suitable. The training 
objective, the training method, and 
the caliber of the personnel avail- 
able for training are al tied to- 
gether. One cannot be considered 
logically without consideration of the 
other two. Training of any type is 
like manufacturing itself, in that it 
requires first design of what we 
wish to turn out: secondly, raw ma- 
terial from which the product is to 
be made: and then thirdly, a proc- 
ess for transforming the raw ma- 
terial into the finished pi duct No 
worthwhile training program can be 
established without full considera- 
tion ol actually desired and 
what i vail make it fron 
The greater } spread betweet 
these two points, the more extensive 
is the tri 


required 


If the available personnel are not 
capable of being transformed into 
what you desire, then must 
either lower your sights for the end 
results, or secure better quality ma- 
terial at the start This does not 
mean that you must have top grade 
engineers before you can have a suc- 
cessful training program, but if you 
really require quality cont 
gineers trained in statistics 
and inspection methods, in gage 
selection or design, in technical in- 
vestigations, in report writing, and 
in the selection and supervision of 
inspectors; then you require a level 


of mental ability and training com- 
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those tor design engi- 
or research chemists 
pt to make full-fledged 
S Irom personnet 

il hesitatingly 


equally complex 


2 Consider possible changes in per- 
sonnel. In planning your training 
program, take into consideratior 
possible changes in you products 
and organization, and espe ially con- 
side possible turnover In your per- 
sonnel. Some companies have em- 
barked on long term programs fo! 
one or two picked employees only 
to have these men leave the com- 
pany or be promoted to other jobs 
before putting their training into 
ise. Such changes can never be com- 
pletely foreseen, but their serious- 
ness can be reduced by advance 
consideration, inclusion of under- 
studies in at least a portion of the 
program, and coordination of defi- 
nite upgrading with your training 
program 

3. Encour ge cooperation from the 


rT trained Discuss yout 


g needs and preliminary plans 
with those men who are to be 
trained, in advance of establishing 
a definite program. To do so will 
not only give you the benefit of their 
vill also encourage their 
It is en- 


ideas, but 
cooperation from the start 
tirely possible to initiate a training 
program by either direct or indirect 
compulsion upon the trainees. How- 
ever, if after a few sessions the men 
being trained are not sufficiently in- 
terested to actively desire continua- 
tion of the training program, then 
they may as well be dropped from 
further Without _ their 


wholehearted interest and coopera- 


training 


tion, it will not succeed. It is ex- 
tremely helpful if this cooperation 
can be secured at the beginning of 
the program 

Plan the details of your training 
program to encourage the continued 
cooperation and support of those be- 
ing trained. This includes making 


sure that the classes are as interest 
ing as possible through careful se- 


lection of the instructor, use of vis- 


ual aids, models, etc. It also includes 
consideration of such details as time 
of classes, comfortable facilities fo 
classes, payment for meals if classes 
are outside of regular working hours 
supplying of interesting texts, and 
class visits by top executives 

Plan, also, so that if some of youn 


trainees drop from the program 


either by their own choice or be- 
cause it has become apparent that 
they are unable to absorb furthe 
training, that this can be done with- 
out their embarrassment or discour- 


agement 


1 Plan the training program com- 
} 

pletely but allow for possibility of 

In planning your training 

program, plan it completely on a long 


changes 


range hasis but provide for frequent 
reviews and changes in the tempo 
x subject matter whenever this ap- 


pears desirable 


5. Plan 


T raining or Personnel Department 


cooperati ely with your 


In those active 


Training Departments, any training 


companies W ith 


program will. of course, be coordi- 
nated with their work and much, if 
not all of the planning will become 
their responsibiity Even if you 
company has no such department, 
or if they are unable to handle the 
quality training program, every ef- 
fort should be made to have _ the 
Industrial Relations 
section an active partner in the pro- 
In addition, if your company 
| 


is 


Pe rsonnel ol 


gram 
has generally unfilled training nee« 
the introduction of a quality train- 
ing program may well be the oc- 
casion to consider an overall train- 
ing responsibility to coordinate ad- 
ministrative and planning details 
However, in any event, the Quality 
Manager or his superior must also 
assume his share of the responsibil- 
ity for the technical planning 

6. Consider possible inclusion of 
other departments n the training 
Frequently, industrial engineering 
production 


design, research, and 


personnel can profit Irom some ol 
the same training planned for in- 
spection and quality contrel. In- 
clusion of these groups may not only 
benefit the other departments but 
will also improve inter-department 


overation and understanding 


SUBJECTS TO BE TAUGHT 
The actual 


training is required will, of course 


subjects in which 


vary with each company and may 


include such diversified items as 


statistics, precision measurements, 


bacteriology, metallurgy, personnel 
supervision, inspection work sim- 
plification, job evaluation, etc. Like- 


wise, the degree of training required 


? 
in each subject will vary with each 


company, and precision measure- 


may require training 
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in use of a micrometer and to an- 
other require instruction in surface 
plate gear checking 

The training program must be es- 
tablished by 
both the 
problems and also knows the latest 
Where 


this latter knowledge is not available 


someone who knows 
company methods and 
techniques in those fields 


in the company, it will be necessary 
for the executive responsible for 
the quality group to secure outside 
advice. In such instances, the local 
ASQC Section should be able to 
provide assistance 

In most cases, it will prove helpful 
to list the requirements for each 
quality job and record the present 
degree of competence ol the em- 
ployees 

Comparison of job descriptions, as 
presently performed, and as desired, 
will also highlight training needs 


TYPES OF TRAINING CLASSES 

Once you have decided that a 
training program in specific subjects 
is desirable, the final considerations 


will be where, when, how, and by 


whom such training shall be con- 
ducted 


classes shall be on company time o1 


The decision as to whethe 


employees’ own time is one in which 
company policy and, in some cases 
labor laws or contracts must be 
considered, as well as the avail- 
ability of the men during working 
hours. The various types of classes 


are dis ussed below 


1. In-Company Classes. In-company 
classes have several important ad- 
most extension 
courses outside. They 
permit the group to work with actual 
company data on company problems 
and permit guidance of the training 
in the specific directions most valu- 
able to the company. They also 
permit better evaluation both of the 
men being trained and of the effec- 
tiveness of the classes. Where nec- 
essary, changes in the speed or di- 
rection of training can be made 
much more easily than in a program 


vantages ovel 
conducted 


of outside courses 

The major drawback to in-com- 
pany classes is the securing of a 
qualified instructor. If one is not 
available within the company, it is 
sometimes possible to secure outside 
experts from local colleges. othe 
industries, or consulting firms, but 
here much of the advantage of spe- 
cific company knowledge and direc- 
tion is lost. One other method, which 
the writer has used with some suc- 
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cess, is the practice of having various 
members of the training class them- 
selves teach specific portions. This 
requires that they study this phase 
in advance and therefore frequently 

better than they 
It also gives them 


learn it themselve 
otherwise would 
valuable experience in teaching and 
in preparing technical notes and re- 
ports. However, it should be kept 
in mind that this method can only 
be used if there is some overall 
guidance and if the selected men 
have initiative plus a_ preliminary 
basic knowledge of the subject 

In-company classes have an addi- 
tional disadvantage in that the train- 
ing is sometimes so specific on com- 
pany problems that the trainees fail 
to grasp a broad or fundamental un- 
derstanding of the ideas or methods 
being taught. 

It is the writer’s recommendation 
that in-company 
only under the following conditions: 


classes be used 


a. The subject to be taught is not 
a general one or else specific 
advanced training is required 
(Good general courses in meas- 
urement, inspection, statistics, 

etc., may be too readily avail- 

able in most areas to warrant 
special in-plant classes unless 
the group is very large and 
qualified 
available within the company.) 
There are more than three or 


teachers are easily 


four persons to be trained in 
the same subject. 

An instructor is available eithe1 
within the company or from 
the outside, who both knows 
the subject expertly and has the 
ability to convey his knowledge 
in an interesting manner. 
Someone in the company (or 
the outside instructor) can take 
time to carefully plan the 
classes, prepare interesting ex- 
amples, models, etc. 


2. Outside Extension Courses. The 
sutside extension courses conducted 
by a technical school or a technical 
association normally have better 
teaching equipment than available 
to the company classes. The quality 
of the teaching staff may, however, 
be inferior with respect to practical 
experience and too many extension 
courses tend too highly toward the 
theoretical. There are, however, 
many notable exceptions of excel- 


lent extension courses taught by 


experts in the industrial applica- 


tions as well as in teaching methods 
(This is particularly true of many 


of the part-time and the full-time 
short training courses available in 
the statistical aspects of quality 
control.) 

Generally, the writer suggests that 
outside extension classes be used 
(where available) in preference to 
company classes, provided the course 
teacher's ability 
checked and 


content and the 
have been carefully 
found to be suited for the training 
required, Under these conditions, 
the quality of training will usually 
be better and appreciable time saved 
for the company staff 

Unfortunately, extension courses 
are presently not generally available 
in many phases of inspection and 
quality control for which industrial 
training is desired. The comments 
in a recent sampling of inspection 
and quality managers indicates that 
most believe such subjects as pro- 
duction trouble shooting, personnel 
management, inspection work sim- 
plification, gage design, and auto- 
matic controls have been too largely 
neglected by colleges and technical 
associations in their extension train- 
ing. On the other hand the statistical 
techniques of quality control have 
perhaps been overemphasized. (In 
fairness to the universities and 
ASQC it should however be kept 
in mind that the techniques of such 
subjects as gage design and pro- 
duction trouble shooting are quite 
specialized by type of industry; 
whereas, the same general statistical 
techniques can be taught with less 
regard for product and 
differences. ) 

It is hoped that the difficulties of 
extension training in additional 
quality control subjects can be over- 
come and it is suggested that the 
ASQC and its interested members 
give the problem their attention. In 
areas where there are several gen- 
erally similar industries, grouping of 
their requirements could make pos- 
sible such courses conducted either 
by technical colleges or by the 
ASQC Section itself. 


3. Study of Technical Books. There 


available 


process 


are presently excellent 
training texts in several phases of 
inspection and quality control and, 
if other means of training are un- 
available, it should be entirely prac- 
tical to train primarily by a program 
of home study, under the following 


conditions: 


a. The trainees must have a real 
interest in learning and initia- 
tive to work alone at home. 


31 





text must be suited to the SUMMARY 
r education of the trainees In summary, the writer suggests 
a — ee the following approach to training 
problems to be solved should 1. Determine your training needs, 
Se aad including the subjects and extent 
' of training required in each 
ounren. Make sure your personnel is suit- 
a Te Dia aaad able to profit from the training 
nail al 3. Plan carefully in advance to 
secure the cooperation of the 
oO rer f the trainees, as well as of other groups 
ctor and trainees should in the company 
scheduled weekly, at a regu- Use outside extension courses, 
to discuss urrent where available, but only after 
studies (Occasional outside making sure they are suitable 
speaket » showing of 5. Use company classes where nec- 
statistics, gag- essary and make every effort to 
can also be secure competent instruction 
these con- }. Where limitations of qualified in- 


structors, organization or com- 





pany policy prevent the training 
believed desirable, utilize what- 
ever methods are available, as 
long as they permit some progress 
in the desired direction. Training 
can be done by encouragement of 
home study or by group discus- 
sions, where these are the only 
immediate approaches 

Call upon ASQC for assistance 
and attempt to secure its activity 
in all phases of quality control 
not just in the statistical tech- 
niques 

Realize that training classes are 
only a supplement to proper se- 
lection, guidance and upgrading 
of employees Use them as an 
aid, not a replacement, for good 


personnel policies 


The Sampling Operation 


in Acceptance Sampling of Glass Containers 


JULIAN HARRISON TOULOUSE 


Owens-Illinois Glass Company, Toledo, Ohio 


The growing use of acceptance 3. Taking one bottle from any one 
sampling 1 the glass container- shipping case, with the cases 
using industry has opened up the from one portion of the ship- 
question ow the sample should ment 
be taken, whether in shipping case (Often satisfactory, but still un- 
nits, or by an i vidual bottle or wise if shipment stratified.) 
bottles from tl hiy The 
semen aoatiedia suniy in ; .Y . Taking one bottle from each 
indenter where the combined different shipping case, with 


} 


t from several machine r multi cases selected at random 


spindles is packaged in groups (The only completely sure 


Every acceptance sampling oper- method but high in labor cost.) 


' 
ation noney > rict rules 


Taking a statistically deter- 


randor am} gw cal e set aside : " 
mined number of bottles at 


to some extent sampling costs can 


; . } J | ~ be ] — 
be reduced. Man, receiving depart- random from a statisti ally de 


wt to do this. but some- wrens — of random 
selected shipping case 

disastrous results. The : eg EOE 

é (A compromise which we rec- 

where to reduce with : 

1 ’ mmene¢ 

‘ment of the quality of 1“ ; 


In order to visualize the problem 
of shipping case vs. individual bot- 
tle. some idea of the relationship to 
manufacturing process should be 
inderstood ; 

Preduction of glass containers is 

on machines which may have 
as four bottle-making cavi- 
molds, or as many as 45 


} 


The molds discharge to a 


Note This procedure s now pecified 
ASTM Tentative Method of Sampling Gl: 
Containers, C224-53T 


single line in a fixed cycle or orde: 
of production, since all the bottle- 
making cavities are mechanically 
linked at the same speed, either in 
a single rotating machine or in a 
straight line operating on one shaft 

The single line conveys the bottles 
to an annealing oven, or lehr, 
through which bottles progress in 
parallel rows. Several methods of 
loading the oven may affect the 
sampling method, of which the fol- 
lowing are the most common 


Individual or dual “stackers” 
which place the bottles in a pat- 
tern on the moving lehr belt, 
first on one side, then on the 
othe 

“Pusher bars.” in which a com- 
vlete row of bettles, not neces- 
sarily the same as the number 
oO bottle-making cavities, is 
pushed from the single line to 
the lehr belt in an intermittent 
operation, timed to the speed 
of the lehr belt and the forming 
machine 

Dual pusher bars, similar to 
the preceding but with two 
single lines from the machine 
and crossing the front of the 
lehr from opposite sides, meet- 
ing in the middle 
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There is no fixed relation between 
the number of bottles in each cross- 
row in the lehr, and the number of 
cavities making bottles on the ma- 
chine. The number of bottles in the 
row is fixed by the width of the belt, 
the diameter of the bottle, and the 
necessary distance between bottles 
In many instances the number of 
bottles will be the same as the num- 
ber of cavities, but in many othe: 
instances it will not be the same 
number. This will make a difference 
at the packing end of the operation 

When the annealed bottles emerge 
from the lehr, any one of several 
packing methods may be used. 


1. Complete manual handling 
where from two to six or more 
operators remove bottles from 
the belt by hand, in groups of 
two, three or four bottles at a 
time, packing these bottles in 
cases for shipment after exam- 
ining each bottle. According to 
size of bottle, from 4 to 144 
bottles may be placed in the 
same shipping case, the most 
common number being 12 or 24 


bottles in a case 

Here the effect of lehr-pattern 
is most important. If the num- 
ber of bottles in a row across 


STRATIFIED: 
LEHR 
PACKAGE 
PALLET 


PALLET LAYER IS FIVE 
CASES OF Six BOTTLES 
EACH FROM SAME MOLD 
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Figure 1—Stratified Packaging 

The glass-forming machine using four 
molds is making a bottle of such width that 
four rows of bottles come through the an- 
nealing lehr Thus, each row is composed 
of bottles from one mold only. Operator A 
removes the first row examination, and 
because these are all from moid No. 1, the 
shipping containers ; he warehouse pal- 
lets are stratified in that only one mold 
represented Operators B, C and D per- 
form similar functions 
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the lehr is the same as the 
number of cavities on the ma- 
chine, or a whole number mul- 
tiple of that number, the lehr- 
belt will be “stratified,” in that 
all the bottles in any one col- 
umn of bottles coming through 
the lehr will be from the same 
cavity. (See Figure 1.) If, for 
example, there are eight bottles 
in each row across the lehr, 
eight mold-making cavities, and 
two packing operators on each 
side of the lehr, then each oper- 
ator will take bottles from two 
columns of bottles coming down 
the lehr belt Thus, the cases 
filled by that operator will con- 
tain bottles from only two 
bottle-making cavities 


. To further complicate matters 


in some instances each packet 
places the shipping cases from 
his operation on a_ separate 
warehouse truck than the other 
packers. As many as 100 of 
these cases might be thus seg- 
regated, containing representa- 
tives from only a portion of the 
bottle-making cavities, and thus 
go to the truck or railway cat 
as a unit. and then loaded as a 
unit. This is what makes sam- 
pling from one portion of a 
shipment extremely unwise in 
acceptance sampling 


When the number of cavities 
making bottles is not the same 
as the number of bottles across 
the lehr, or not a whole-numbe1 
multiple or sub-multiple of this 
number, there will be no strati- 
fication of cavities in columns 
through the lehr, but instead a 
mechanical pattern, reproduced 
in cycles. This will give a 
greater representation of cavi- 
ties in each shipping case, and 
a little more safety in treating a 
whole shipping case as part of 
the sample. In some instances, 
however, a few cavities will 
predominate in any one ship- 
ping case. (See Figure 2.) 


Other methods of packing di- 
vert streams of bottles from the 
lehi In some instances the 
bottles will be mechanically 
mixed, but in other instances, 
stratification existing in the 
lehr will be continued to the 
final packing operation. No cer- 
tainty of pattern can be ex- 
pected, since the same bottl 
may be made by different meth- 
ods, by different makers, or by 


different methods by the same 


maker 


In order to test the effect of differ- 
ent methods of operating, three 
studies have been made of the num- 
ber of bottles from each mold cavity 
in lots of approximately 200 shipping 
cases each. All were packages of 24 
bottles each, and the study involved 
determining the frequency of each 
mold cavity represented 


Study No. 1 

The first example is one of a con- 
dition where no stratification existed 
in the lehr. A forming machine hav- 
ing only four bottle-making cavities 
was used, and there were six bottles 
across the lehr. Thus, bottles from 
the same cavity were not in one 
olumn through the lehr but in the 
lst, 3rd, and 5th, or in the 2nd, 4th 
and 6th columns in equal numbers 
(If either one of the cavities or the 
columns were an odd number, the 
distribution would be uniform in all 
columns, but since each packer took 
two rows at a time it made no differ- 
ence in this instance.) Since there 
were 24 bottles to the shipping case, 
and only four operating cavities, the 
range of frequency in each shipping 
case was somewhat larger than in 
the later studies 

In Tables I and II are the results 
for the individual cavities and for 
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Figure 2—Non-Stratified Packaging 
ime bottle-making machine ca 
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TABLE 1—Study No. 1 


(snipping 
r the con 


800 observati 


ices where one 


n im oe I 
number 


umb 


spection 


stratincation 


ual frequencie 


retical frequencies 


the curve i more 


at the middle This is due to the fact 
that the bottle taken by the selec- 
tor-packer at any one time were 
portion of a cycli 


from a small 


pattern immediately in front of her 
and not from a large “universe.” 


Study No 2 
In this production the lehr was 


stratified, in that, 16 mold cavities 


TABLE til—Study No. 2—Distribution of 


Cavities per Case, 194 Cases 


Distribution of Cavities per Shipping Case, 200 Cases 


produced bottles, and the lehr pat- 
rr. was in rows of 16 bottles across 
bottles 


removed from the lehr, but 


leh Two streams of 


was some mixing of bottles 

the streams separated One 
hundred ninety-four shipping cases 
recording the 
quency of each cavity representation 
All ship- 


cases came tron ynne of the 


were examined 


n each case of 24 bottles 


requently, and 
less frequently being 
the preliminary st: 
partial mixing 
preceding paragraph 
as also founa ‘hat the frequency 
the shipping case varied from 
none to seven bottles Table III 
shows the results obtained 
Since the average of the eight 
most freque nt cavities was 2.406 per 
case, it is possible to estimate the 
theoretical from. the 
distribution, and also for 
the average of 0.594 per case in the 


These 


frequencies 


Poisson 


less frequent eight cavities 
results appear in Table IV 

As already pointed out, there is a 
definite reason why the actual per- 
cent frequencies are less at eithe 
end of the curve and higher in the 
middle. The packer is not packing a 


TABLE 1V—Study No. 2—Frequency 


TABLE !i—Study No. 1—Frequency Analysis 
of Cavities per Shipping Case, 200 Cases 


sample” from the entire universe 


but from a small mechanical and 


portion passing immediately 
in front of her at the moment. The 
universe from which each sample 
comes is a small mechanical mixture 
This phe- 
nomenon appears in all three studies 

There is also a 


bottles are 


from a stratified stream 


variation from 
theory, in that being 
discarded from the stream for caus¢ 
by the inspector. This tends to lower 
the frequency, except that the theory 
is calculated on tl 


Study No 3 


This was a repeat of the secona 
experiment, but from 90 shipping 


cases from each of two streams 
There is a definite confirmation of 
the fact of 
eight cavities that 


frequently on one side of the leh 


stratification since the 
appeared most 
were the same eight cavities that 
appeared less frequently on_ the 
other side 

Tables V and VI show the same 
general analysis as in the previous 
tables, leading to the conclusion that 
the variability is within reason when 
the stratification is recognized. They 
also lead to the conclusion that it is 
unwise to take full shipping cases 
of bottles as part of a sample, since 
knowledge of possible stratification 


Analysis of Cavities per Case, 194 Cases 
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TABLE V—Study No. 3—Distribution of Cavities per Shipping Case, 90 Cases Each from 
North and South Sides of Lehr 


TABLE Vi—Study No 


€ 


Frequent 


3—Frequency Analysis of Cavities per Shipping 


from North and South Sides of Lehr 


North Side 


t Frequent 8 Le 


—s : 
is not usually available at the place 


where the acceptance san pling takes 
place 

In order to employ the true prin- 
ciples of random sampling, one 
should gather the sample by taking 
bottle 


one from each shipping case 


selected at random. In a sample of 


300 this would mean 


that many 


bottles open- 
ing shipping cases and 
the be high. An 
intermediate method is suggested as 
the 


labor cost would 


a means ol preserving most ol 


random 


the 


“he method is as 


ost Frequent 


and vet reduce 


sampling, 
labor of sampling 


fi yllow Ss 


Determine the number of ship- 


ping and bottles in the 
lot. 

Use Mil-Std-105A to determine 
the 


to remove as a sample. 


cases 


number of shipping cases 
Use Mil-Std-105A to determine 
the number of bottles to exam- 


ine 


4. Take an equal number of bot- 
tles at random from each ship- 

ping case until the total sample 

size for bottles is obtained 

a shipment of 700 cases 

of 24 bottles (16,800 bottles 

total) would Table VI-J 


f 105A and remove a single sample 


Thus, for 
each 
one ente! 


of 75 shipping cases, and according 


to Table VI-N, 


bottles from each shipping case 


would take four 


single sampling, three from 


Cast for double sampling or one 
from each case for each step in the 
multiple sampling. By contrast, us- 
ing random sampling on the basis 
of one bottle per shipping case 
would call for opening 300 of these 
cases for single sampling, 200 to 600 
for double sampling, and of neces- 
sity require two bottles from some, 
from the rest of the 


the entire ship- 


and one bottle 
shipping cases in 
ment in the instance of multiple 
sampling 

that it has 


In summary, we feel 


been established that 
1. Sampling of cases from a ship- 
ment of glass containers should 
be at from the lot, n 


Irom one ares 


random 


Unless the sampler is sure that 
the production method has not 
stratified the sample, the entire 


contents of one shipping 
case should 


part of the sample 


any 


not be taken as a 


In order to decrease sampling 
costs, a method is proposed of 
first taking a random sample of 
the shipping cases, then taking 
an equal number of bottles at 
each of these 


random from 


Cases 
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iality control itroduced as 
ware re- 
to stock Thi 
1 thi the | , ne 


vhere a quality control check 


accom- 


rar 
toll 


Was 


ough 


ector sampled ware selected by 
inspection department, releasing 
and returning 
lots to the inspection 


for reinspection. 


lots un- 
artment 
soon became apparent that the 
the quality 
rol department could make was 
imple at the time of the forming 


test contribution 


ration the ware produced by the 


ling department and to advise 
orming operators of the quality 

ware being preduced at the 
This 
by assigning a 
department to 
operator the 


stratified 


ng machine was accom- 


membet1 ol 
quality control 

forming 
ngs rt ¢ 


purposive 


a fixed number of pieces 


impled from each position of the 


ry 
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time inte 


Hi: 
nine 
into 
take 
re p 
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fe) ether (ioek) | 
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This difficult to 
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plish as the sorting (inspecting) of 


the ware lagged production by an 


hour or more and the inspectior 


center was separated by the length 
(about a 


annealing furnace 


feet) from the production 


ol an 
hundred 
Station 
An 
control 


the 
man 


make 
inspector a 
the inspection and 
departments failed. The 
was unable to move back and forth 
the and at the 
same time make his inspections and 
In- 


undue 


quality 
be- 


attempt to 
liaison 
tween forming 
inspecto! 
between positions 
inspection reports on schedule 


spection suffered, and an 
amount ot ware was rejected at the 
“toll gate ” 

control limits 
the 


instructions tor 


It was decided that 
be applied to sampling 
and 
action could be given to the quality 
the 


could 
plan, specific 


control inspector ware 


when 
the inspection 
department. The calculation of con- 
trol limits was based on the inverse 
the incomplete Beta- 
Function as discussed in the Engi- 
neer’s Manual of Statistical Methods 
by Leslie E. Simon. In particular 
we used Chart 0.1 I,, and Chart 
0.9 ke as follows 
1. The 0.1 and 0.9 * 
extrapolated so that the curves 
covered the 
probabilities from 0.00 to 


was out of control at 


solutions of 


charts were 


complete accept- 
ance 
1.00 
A data (Table I) to be 
provided to each inspector was 
built extracted 
from 
a. In our case the sample size 


sheet 
up of material 
these amended charts 
Was one 
table 
two or 


selected piece pe 
position) 
three 


depending 


mold (press 
taken 


hou 


to be 
times an 
upon the nature of the oper- 
product, 


ation, character of 


and other similar factors 
Since the 
contained 6, 8, 10, o1 
the 
spected is a multiple of these 
numbers and 
the top of the data sheet 
The left hand 
the number of 
that 
sample 


various presses 


11 mold 


positions, number in- 


appears across 


headings are 
good pieces 


could be found in the 
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1:00 and 2:00 A. M., reference theoretical applicability 
to the data sheet Table I cnarts 
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ould show that the predicted To complete the program th 
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reent Th ont quality control Inspectol 
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What Makes A Quality Control Chart Tick?” 


LEO A. AROTLAN 
Research and Development Laboratories 


Hughes Aircraft Company 


INTRODUCTION n the control limits, and if produc - control the cha 
yu are familiar with i is out of control, all points on made an erro! 
chart whicl he chart should fall outside the Keep these ideas in mind 
experience oO! contro] limits.” But what does a con- Two more ideas A chart is 
beads or tables trol chart actually do? Four things a river. It represents a flow of points 
This knowl- (1) A point may fall within or better, production is a flow 
be mat recise and usa- limits — production may be in time and so is a contro] chart 
ecent discoveries in_ the ontrol; OK, no erro: are interested not only in a particu- 
theory of control charts (2) A point may fall outside lar point, but also the points pre- 
The purpose of this article is t mi production may be out of ceding it. Finally, as soon as a point 
e the new ory to shed ligh ontrol; OK, no error—the chart falls outside the control limits, we 
known as the - ‘lls the truth make the decision that the process 
defective 3) A point may fall outside is out of control. This is our mod 


the manu- limits—production is in con- of action. We do not wait for con- 
results are 1e chart lies—it has made firmation. We do not wait for an- 
charts. If you an error other point to fall outside the limits 
a con- A point falls within con- A few technical terms need to be 
last word imits—production is out of introduced. Let p’ be the propor- 
has been said many 


ay dis- TABLE | — Selected Control Limits and Corresponding Probabilities for Ex 


1 migh ceeding Them With Three Different Sample Sizes When the Process is in 
is not deep Control at p’ — 0.04 


it none- 


THE NEW LOOK 


mu like 
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; 
tion of defectives when the process TABLE 111 — Complete Stoppage Spacing Function (CSSF) 

is in statistical conteok; for example Probability of a point falling outside control limits by chance alone in 
; 0.04. Each sample of Pogy ag N or fewer decision points for three of the cases listed in Table |. 
drawn from such a binomial dis- 
tribution gives rise to a point we 
may call a “decision point” which is 
plotted on the control chart. The 
proportion defective in each sample 
we denote by p. The probability of 
having a point fall outside the con- 
trol limits at exactly the N-th de 
cision point when the process is in 
control at the level p is a(1 1) 
where a is the probability of a poir 
falling outside the control limits a 
a single decision point. Now a 
determined as soon as we decide on 
the control limits. It is completely 
at our disposal; if we change the 
control limits, then « changes also =. rf 3 aan 
The probability of stopping produc- 295 0731 
tion at the N-th decision point o1 ' — 

sooner turns out to be given by a ‘on r the 0.153 entry in y l olumn 25, « 0.0165. This obtained 
(1 2)‘. This we call the complete : 


stoppage spacing function, since CSSF oO anal ‘ 0.0165) 
: © oe) 
produttion is stopped needlessly, as 1 — 0.847 = 0.153 
we are assuming that the process is Table I gives UCL = 0.12. Thus, for a process operating ir 
0.12, the chance is 0.153 that stoppage will mistakenly 


in control. The average value of N < ive samples of size 25 by having a sample p-value plot beyond th 


TABLE Ii — Power Functions 
Values of + for Fixed s and « Values and Variable p’ Values 


200 


00322 0125 O002R 00350 


0 0 0 0 1.0000 
000146 0000109 0000007 0 677 
003210 000478 0000601 00001 235 
0168 00374 000704 d - 059 
0144 00361 52 322 0125 00028 
0378 0118 7 2 002 00004 
0776 0289 0004 000004 
1350 0583 3 ; 00006 0000005 
2081 039 
1928 596 


1839 
4760 
5647 35 
5463 4789 
7186 5616 


7806 6387 9995 
8323 7081 

8741 7686 

9071 8199 1.000000 99994 
9327 8624 


9993 


9520 8966 999996 
9663 
9767 
9841 
9893 


9979 9930 


values of probability « é int falling outside control mits that have been s é shown in Table Il. For 
0.0036 column, we have a chart set up for p 0.04 with UCI 0.12, a 0.0036. If, me a sample of 50 is taker 
oce actually at 0.15 rather than at 0.04, then the probability of getting a imple value f p that v Hot beyond 


for W 
hed UCI 2 hown to be 0.6387 
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TABLE |V—Complete Effectiveness Function 


Alternative p,’ — 0.08 


TABLE V—Complete Effectiveness Function 
Erratic Production 


0.03, 0 


Se 


05, 0.03, 0.05, repeated 
P o F > 


CEF 


CEF 


is simply 1/a, so we see that if noth- 
ing else mattered we would make a 
very small, say 0.001, and then we 
would stop production needlessly on 
the average every 1000 decision 
points. The choice of @ depends 
however on what the alternative is 

a process in control. A process 


may be out of control in many ways 


If the process is out of control 
because it is operating at a new, con- 
stant level p., then we would like to 
stop the process as soon as it is un- 
economical to produce at the level 

The function, which corresponds 

» the complete stoppage spacing 
function, we call the complete 
effectiveness function, and it is given 
by 1 (1 y)*, where y is the 
probability of a point falling outside 
the control limits set up for p’ when 
actually the process is at level p 
and N is the number of decision 
points taken while production is at 
the level p:. The average value of 
N in this case is simply 1/y. Ordi- 
narily one might desire to make 
a value close to one, but this has two 
disadvantages. The sample size s 
may need to be large. Further, it 
may not be important to catch this 
shift from p to p:’ on the first de- 
cision point after the change in pro- 
duction, but on the second, or on the 
third, since samples will be taken 


] ; 


regularly in any case. If you fail a 


4 


ry try again 


Now production may also be out 
of control because it is at a different 
level of p: at each decision point 
The complete stoppage spacing tunc- 
tion remains as before, but the com- 


i 
Lit 


plete effectiveness function is 
l (1 ¥:) (1 — v2) (i 


where y: is the probability at the 
-th decision point of a point falling 
outside the p’ control limits when 
production is at the level p: and not 
In this case there exists no sim- 
ple general formula for the average 
value of N, although in any particu- 
ir case the mean and median of N 
are readily determined 
Let's try out the theory for a few 
cases. Suppose the alternative to 
p 0.04 is p 0.08. How many 
decision points need to be taken on 
the average for the control chart to 
tell us that production is not at a 
level p 0.04? The answer of 
course is 1/y. But y depends cn the 
value of and the size of the sample 


If is small. v tends to be small 


same sample size s; and if s 


is large, y tends to be closer to one 
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for a fixed a. Further, let us say TABLE Vi—Complete Effectiveness Function (CEF) 
when p 0.04. we want the average Increasing Trend 
wee a ee ee a ee ‘ — 0.01, 0.02, 0.03, 0.04, 0.05, ete. 
0.02 And let us suppose when - 
0.08, we want the average val 
of N to be 5. This makes 


Given y and a we should be able 


See also F 


find s, which we assume constant 


from decision point to decision 


point. We must solve the two equa- ° 0006 


tions 0008 


(0.04)* €0.96) 


S .C. (0.08)* (0.92)°* 
0.20 (2) 
for rand s. Of course r/s will be the 
upper contro] limit for the control 
chart with p 0.04.* From the table 
~ the binomial distribution we 
find s 39, 1 1, with « 0.019 and 
0.199, which may be considered 
satistactory This demonst: Ss one page Vs olums “OU 


0.061, 0 


] y 
formulas, | it seems nn a8 
U.bGd 


more desirable and just as easy 0.765 
choose an s and an a, find the con- 

trol limits and y. and plot the com- 

plete stoppage spacing and the com- 

plete effectiveness functions 


In order to cover an informative 


, an 
range ol possibilities we take s 20 


os and 200, ar : "9 aren aa “ — , TABLE Vil—Complete Effectiveness Function | CEF 
of a corresponding to different con- ; tees 
trol limits For the alternatives be- Chaotic Periodic 
0.03. 0.05, 0.06, 0.08, 0.02, 0.04, 0.09, 0.03, 0.10, 0.04, repeat 


sides p 0.08 we take p 
See » F 4) 


0.05, 0.03, 0.05, et« a rather difficult 


: ' 
case since the average value 1S stil 


0.04; p 0.01. 0.02. 0.038. 0.04. etc 
r ] 


al increasing proportion of detec- 

tives; p 0.05. 0.06. 0.08. 0.02. 0.04 

0.09. 0.03. 0.10. 0.04 and then this set 

repeated indefinitely case we call 
cnaotic production For the laree 
S sample, s 200, w are able 

two-sided lin both 

or p the I reentage dae- 

the sample. For conven- 

trol limits and the corre- 


} 


I are listed ir 


sponding values 
Table I. In constructing the table 
it was assumed that a poin 
exactly on the control limits would 
be ir terpreted to 
process is in control 
It is evident that for a given s not 
all values of a are possible. For ex- 
" ri my — 50 
sible control limits are 0 0.04 oO é 0.0144, the values 
o> 0.02, 0.04 are rt eECTIV vy 0.0378, 0.0776, 0.2081, 0.000478 


which makes a 0.264: 0 — 0.08 with 


ample, with s  . 0.04, pos- 


0.O77¢ 1 0.2081) 61 0.000478 
7919 0.99952) 0.9856 
so Dex 


probab 


against standards of 
equence listed above 
within five plotting 

UCL 0.10 line 


propriate to call 


10ough clearly 
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« = 0.076; 0—0.12 with a= 0.0165; 
0 0.16 with a 0.00278: 0 0.20 
th a = 0.000376, etc. Now if one 
0.01. he would 

i 1 0-- 0.12 and 

0.0165 r if h ad in mind an 
0.001 \ i have to be satis 


ied witl and a 0.00278 


functior 


ble 


ases given in Ta 

elfectiveness fun 
is alternatiy 

IV-VII ar wr 

1-4. It should 

noted that the complete stoppage 
pacing function (also shown it 
1-4) depends sentially on « 
not on s. so the cases tabulated c 


é 


COMMENTS AND CONCLUSIONS 
A study of the graphs will prov 
It seems unnecessary to 

extended discussion 


s should be stressed 


(1) Both the complete stoppage 
spacing ftunctior and the complete 
effectiveness function are extreme- 
ensitive to small changes in @ 
It is nougn t ay @ iS approx- 
mately 0.01 and contend that the 

ymiplete effectiveness function for 

50. a 0.0035, and tor s 50, 
0.014, with p 0.08, are the 

Too much ¢ his roneous 
reasoning has crept into the 

of quality control A 
» at Fig. 1 shows how far apart 


omplete effectiveness func- 


(2) 
ally or infrequently 
charts, the usual 3-o 
prove adequate. Where many charts 
are used, or a single chart over and 
over again, the new theory is fa 
superior and worth the extra trouble 
and thinking 

(3) It is worthwhile to make a 
careful analysis of the control charts 
you may be using at present for 
attributes. Undoubtedly you wil! 


discover ways of improving thei: 
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DECISION POINT 


Figure | — Complete Effectiveness Function (CEF) and Com- 
plete Stoppage Spacing Function (CSSF) 


Simple Alternative: p 0.04 
p O08 





DECISION POINT 


Figure 2 — Complete Effectiveness Function (CEF) and Com- 
plete Stoppage Spacing Function (CSSF) 
. Production: | 


Erratic rodu 0.04 


} 003. 0.05. 0.038. 0.05. ete 





DECISION POINT 


Figure 3 — Complete Effectiveness Function (CEF) and Com- 
plete Stoppage Spacing Function (CSSF) 


Increasing Trend: p 004 
p 0.01, 0.02, 0.03, 0.04, 0.05, etc 
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ONE-SIDEG 
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gr2s, on 0183, 
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DECISION POINT 


Figure 4 — Complete Effectiveness Function (CEF) and Com- 
plete Stoppage Spacing Function 


Chaotic Production: } 
p 


effectiveness by analyzing the par- 
ticular process being controlled, and 
the economic costs associated with 
the complete stoppage spacing and 
the complete effectiveness functions 


(4) Take the case of increasing 
trend in Fig. 3. If we use the two- 
sided test s 200, a 0.028, we 


0.04 
0.05, 0.06, 0.08, 0.02, 0.04, 0.09 


0.03, 0.10, 0.04, repeat periodically 


would stop the process very soon, 
frequently at the first decision point 
However if we stopped at the first 
decision point we might try to see 
why p: is so low, when actually 
what would be more desirable would 
be to see the trend on the control 
chart and then attempt to see why 


the process involved this trend. lh 





such a case it is preferable to use a 
one-sided test instead of a two-sided 
test. 
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INTRODUCTION 


demand for 
electronic equipment in the last few 


The wide-spread 


years has resulted in a mushroom 
growth of a large number of both 
new and old firms. Small companies 
were hastily formed to supply this 
demand when it was found that 
many concerns would have to re- 
duce their production due to elec- 
tronic shortages caused by defense 
needs. Those able to obtain finan- 
cial sponsors have spread their skills 
over a myriad of electronic com- 
ponents. New techniques sponsored 
by quality control have played an 
these develop- 
plants 


important role in 
However, in many 
the role of quality control has been 


ments 


FE aper resented on the program of the 
cth Ar Convention, ASQC, Syracuse 


very minor due to a lack of under- 
standing of its objectives 

The term “quality control” has 
been used to cover a wide variety 
of activities, many related only in- 
directly with quality. This is to be 
expected since the government has 
demanded that satisfactory and ade- 
quate quality control systems be in- 
stalled in all plants from which the 
various agencies purchase material 
Quality control groups have sprung 
up in different spots in manufactur- 
ing organizations with widely dif- 
ferent functions. Some assist engi- 
neering and developmental depart- 
ments in their qualification tests 
and product engineering activities 
Others merely inspect, take little on 
no data, and wonder why they gen- 


At the time of writing this article Dr 
Romig was with Hughes Aircraft Co 


erate vast quantities of papel work 
but do not improve the quality of 
outgoing product. A clearer under- 
standing of the objectives will indi- 
cate why the application of certain 
techniques results in improved out- 
going quality at a reduced cost 


OBJECTIVES OF QUALITY 
CONTROL 

The more complicated electronics 
equipment is often sold as a system 
Each system consists of a large num- 
ber of units. These units are made 
up from assemblies and subassem- 
blies. So-called spares consist of a 
group of units generally, and are 
often given a final test using suffi- 
cient units to make up a system as 
he test equipment equivalent. The 
xcess units are then removed so 
that only such units as are required 
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turned back 


propel 
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st appara 
Quality mntrol 
pection and test 
aning and make 


nspet tions and tests 


mm applied I 


st possibl 


few co 

the ry) aS- 
necessary. These may 
modified in othe 


th the 


plants in 


peculia needs 


ar manultacti 
og itior 


that quality control must play in 


original design, qualification § tests 
. " 
type tests, trials, and ultimately i: 


the manufacturing process itself 
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QUALITY CONTROL IN DESIGN 
When an 


and e! 


objective h been set 
gineers and research men are 
requested te make a new product t 
first appears that the job is one that 
research 


This is a 


will hamper 


should be confined to the 


and des QI engineers 
mistaken notior 

slow down 

research 

to check 

only 

with 

physicists 


PERFORMANCE 
ANO COMPONENT > 
SPECIFICATIONS 


OESIGN 


QUALITY CONTROL IN 
MANUFACTURING 


After the design has been initially 
established, the next step to set 
up qualification tests for the product 
The 


may be severe requiring the 


as a whole requirements of 
service 
product to Tunction properly over a 


high 


The necessary 


wide range of temperatures, 
and shock 


tests must next be up. It is not 


have the 


humidity 


enough to 
spell out the These must 
set forth in a Test Specifica- 


specificatior 
rbje ctives 
now be 
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Figure 1—Quality Control in Production 


anda those 
ve lopment 
vy find that i annot be made 
ywacticably with ame fine care 


that the h and development 


gineers apply in their studies 
Drawing board models are extreme- 
ly valuable Ch k I lade on prot )- 
types ndicat I 
crepancies al 
tion 1s required 

Here s where 
ise should be ma 
theories of small 
ple s. The meager but 


The 


engineers 


data are 
n potential possibilities 
search and development 
should discuss their early 
with qualified personne l in the qual- 
Steps should be 


equived data ob- 


problems 


ty ontrol groups 


taken to have the 


iined according » a prescribed 


design, such as a Latin 


square or a 
When the data are 


secured, the statistician 


factorial de sign 


assists the 


} 


engineet analysis so that all 


he information contained therein 


ay be summarized. From such in- 


formation it will be possible to es- 
tablish a design that is practical and 


lso to set tolerances that can be met 


in produc tion 


This test speci icat mn must in- 
all the tests h: are needed 
order to insure that the equip- 
alone 


In this 


ment will function properly 
or as a part of a larger 
necessary to 


connection it may be 


set up regular periodic tests to de- 


termine nat 


n subsequent manu- 


facturing the product will continue 
to be satisfactory. The amount of 
ting required appears at first to 
be purely an engineering problen 
However, it is again desirable for 
the team consisting of the develop- 
ment engineer and the quality con- 
trol engineer to collaborate and 


write out explicitly how much in- 
formation 1s 


With this 


testing program can then be set up 


required pel iodically 


information a complete 
The number and nature of the tests 
must be tabulated and at times even 
ine yrporated in the 
Some 


expensive testing 


specification or 


co.tract tests will require 
very 
Also 
in nature and require extra units to 


be taken 


is representat Ve 0 the 


equipment 
some tests may be destructive 
from the line at random 
process 
When set up properly, suitable con- 
established so that it 
be determined whethe: 


trols will be 
can readily 
statistical 


the process remains in 


control 
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These techniques precede the reg- 
ular production runs, although the 
type test may be run in conjunction 
with production as time goes on to 
maintain continued Pilot 
runs are highly desirable. In many 
instances, due to an immediate de- 
mand for the product, the pilot-run 
phase of the operation is dropped 
This is unfortunate as it precludes 


control. 


the elimination of a lot of undesir- 
able features that arise in produc- 
tion when it is found that the de- 
sign which was satisfactory for re- 
development 


search and purposes 


fairly accurate picture as to what 
may happen. In some instances the 


development engineer must know 
the increase in variability that re- 
sults from having intermittent op- 
eration rather than continuous oper- 
ation. Preferably, a form should be 
provided to record the readings at 
the intervals desired. In this con- 
nection it is well to consider the 
working hours of the technicians 
making the readings so that the 
observations will be obtained dur- 


ing regular working hours 
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Figure 2—Vacuum Tube Life Expectancy 


Hence 
slight changes in the design must 


cannot be made in quantity 
be made to permit continuous pro- 
duction at a reasonable rate 

Two other factors need to be con- 
sidered: (1) Life and (2) Ease of 
Maintenance. While the product is 
being qualified, it will be necessary 
to have some units on life test. If 
enough information is available, 
such life tests may in many cases, 
This is highly desir- 
able as it indicates early in the pro- 
duction process the inherent weak- 
ness in the product resulting from 
the particular manufac- 


be accelerated 


design or 
turing process. In many instances, 
however, there has been found no 
accelerated substitute for the normal 
life test under standard operating 
conditions. 
LIFE TEST TECHNIQUES 

Consider the nature of the life 
test data required for a vacuum 
tube. First, a sufficient sample must 
be taken, say 25, so that the final 
results of the life test will provide 
both an indication of level, or cen- 
and an indication of 
For the key 
characteristics for a particular type 
tube, readings must be taken at 
sufficient time intervals to provide a 


tral tendency, 
spread or variability 
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fhe distribution for 
of vacuum tubes is essentially bi- 
modal with respect to life. It has 
been found that the early failures 
are usually due to mechanical diffi- 
culties whereas the failures that oc- 


many types 


cur later are primarily electrical 
In order to obtain a true picture for 
any given type, a preliminary run 
should be made to indicate how 
frequently readings should be taken 
in order to obtain this bi-modal 
curve, particularly in the early part 
of the test 
tained at short enough intervals, un- 
less an automatic recorder has been 
used, the exact time of the early 
failures will not be known. With 
some of the more stable tubes the 


If readings are not ob- 


time interval between readings may 
be very long. This is true if the 
expected life of the particular tube 
If, how- 
ever, the expected life is 500 hours 


type is 5009 hours or more 


or less, readings will have to be 
taken much more frequently. Vacu- 
um tubes have to be tested unde 
standard operating 
so far, no real means that has any 


conditions, as. 


meaning has been obtained for ac- 
celerating their life. With capaci- 
tors, on the other hand, accelerated 
life tests may be used with a rea- 
sonable degree of success 





The problem next arises—How 
can one determine from the early 
readings and failures whether the 
lot of tubes from which the sample 
was taken is satisfactory for release 
for shipment? A life test is being 
run with, say, 25 tubes on life test 
The expected '‘fe is 800 hours, Afte1 
200 hours on test. three of the tubes 
Should the lot be ac 
suspended 


have failed 
cepted, rejected or be 

until additional data on these 25 
tubes have been obtained? Several 
papers on this subject have been 


None 


the exact solution, but they do as- 


published of them gives 
sist one in formulating the problem 

In all kinds of tests that require a 
long time to make, such as many 
environmental tests, the question 
How long shall a lot be held 
before release? Until the tests are 


completed? This is the most desir- 


arises 


able, but that may mean at least 
ene month or possibly six months 
The problem of storage space con- 
fronts all manufacturers if all units 
are to be held until these long tests 
are completed. It is not unusual to 
require 1000 hour tests. Now a 
month of 30 days contains only 720 
hours so that a 1000-hour test means 
about 14% months holding period. To 
many it appears reasonable to re 
lease the lot for shipment if no fail- 
ures occur in the first 48 hours and 
the readings are satisfactory. What 
risks are being taken? The answers 
to such questions require prior an- 
alysis of comparable data. Since 
such data are not usually available 
in large quantities in a single com- 
pany, the pooling of such informa- 


tion by associations representing 


numbers -of manufacturers, 
+h as the Radio-Electronics-Tele- 
vision Manufacturers’ Association 


(RETMA), is highly desirable 


CLASSIFYING DEFECTS 


The majority of the tests, or at 
least inspections for dimensions 
color, materials and 
workmanship, are done by attributes 
inspections. One of the techniques 
that is often important is to prop- 
erly classify the items being checked 
as to their importance. This leads to 
a weighted value, often expressed 
in terms of Demerits or Demerits- 
If this procedure is to be 


appearance 


per-Unit 
followed, then a Classification of 
Defects is Possibly the 
better term is a Classification of In 
spection Items with respect to their 


required 


importance in line with certain 
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hicatior 


the most 


rements must 
Incidental 
then 

sn ild be lake 
situatior and each inspection 
item should be considered equally 
mportant. Analyzing h item, its 


applicatic« F i! ( it 


accord- 
ance with its s] fication and spe- 
may be 

advisability of 

Many 


cover this point 


system 


research is re 
ibject in order to 
it. The use ol 

1es should be carefully 

‘here many components 

rate ise may be made 

of using weights based 

demand, maintenance 

nitial costs. There are 

line cases where frac- 

tion ve s not too g@ od a 
measure of quality Careful judg 
ment is required to incorporate the 
proper system in any well organized 


quality control program 


ACCUMULATED TOLERANCES 


The q 


anutacturing 
re it is poss ble 

iantities of data upor which 

based. The 


ee} readily 


may be 
deter- 

heoretical considera- 
tions whether the tolerances arrived 
at tror the data are reasonable 
Often, however, the theoretical de- 
] 


eral 


sign demands a very rigid to 
vhich cannot possibly be met If 
this is the case ner t is necessary 
to study the distributions of the 
various components and deter: 

the contribution of each to the ov 


all variability. Where the distribu- 
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tion is essentially linear, then it is 


possible to arrive at a quick solution 


random distribution 


} } 
oasea Oo! a 


Adding 1e variances of the com- 


ponents provide a tall close 


estimate f the over-all variance 


inder the above conditions. Squar- 
component tolerances and 
theoretical 


vel -all 


them gives a 
yr the square ol! the 
rance. This procedure is based 
on the theorem concerning the addi- 
on of variances where the variance 
is the standard deviation, «, squared 
and the standard deviation is the 
root mean square of the deviations 
about the arithmetic mean 


data nvolved 


The simple procedure above fo1 
obta ning over-all tolerances is sat- 
sfactory for the 
When the distributions are such that 


the contribution of the components 


majority of cases 


not linear, due not only to the 
rious haracteris- 

tics but ‘ t the mathematical 
relation represents the result- 
it effect of the various contribu- 
variables, the over-all variance 
difficult to determine accu- 
For example, for three char- 

x, vy and z, it is found 

that they may be combined as prcd- 
ucts, quotients, sums and/or differ- 
ences. Thus the value xy/z consists 
of a product divided by the third 
ariable. The theory of the propa- 
gation of covers this combi- 
If full ad- 
vantage is taken of the second- and 
effects that are 


evidenced by the form taken by the 


errol 
nation, but not directly 


even third-order 


relation covering the over-all effect 
of all inspection items, a fairly good 
estimate of the variability may be 
obtained In some instances, how- 
it is not necessary to know the 

‘r-all tolerance. Control is ob- 


tained much easier if it 


IS exercised 
over the individual components 
When the effect on the whole of 
each individual item is noted, then 
it is possible to determine how well 
the over-all product is controlled 
Sometimes this is a little difficult at 
first, for it may be almost impossible 
to measure some of the items that 
contribute to the final result. In- 
direct methods of measuring or test- 
ing may be developed that supply 


the necessary information for ob- 
taining the control desired 

It is not necessary in many cases 
to keep perpetual watch over alli 
Some 


components inherently re- 


To achieve a tight 
important 


main in control 


control only the most 


When 
something starts going wrong in the 
process then it is the duty of Central 
Quality Control to account for the 
discrepancy as quickly as possible 


items need to be charted 


and have the proper authority in- 
stigate remedial action. This re- 
sponsibility covers a wide range of 
possible troubles. A thorough knowl- 
edge of the process 1S required in 
order to properly evaluate the trou- 
ble and seek intelligently for an 
When things start to go 
wrong, and before many pieces are 


answel 


produced, action should be taken to 
prevent a recurrence of the trouble 
Preventive measures are always 
best. In many plants the fallacy of 
only looking at the end product is 
followed. This causes the quality 
control inspectors to be mere 
screeners and destroys their initia- 
tive. Truly controlling the process 
by the judicious use of charts, tables 
and graphs, and taking action when 
required will make other groups 


inxious to apply quality control 


procedures. Careful inspection of a 


small sample from each lot will not 
only give an Acceptance-Rejection 
Plan that provides excellent protec- 
tion, but it also affords an oppor- 
tunity to apply control techniques 
to the inspection results and take 
action at the first indication of an 


unsatisfactory change in the process 


VARIETY OF TECHNIQUES 
AVAILABLE 


Electronic apparatus and equip- 
ment vary so much that it is neces- 
sary to use a variety of techniques 
Fun- 


must be built 


in controlling their quality 
damentally, quality 
into each unit. If the product is 
simple in nature with very few re- 


che¢ k 


only one or two key requirements 


quirements, it is possible to 


ind determine both the acceptance 
f the current lots and the ability of 
the product i meet its quality 
standards. One technique that has 
been used to a great extent in re- 
ceiving inspection is the lot plot 

system of inspection which is usually 
applied to the key 


This system requires the recording 


characteristics 
of each measurement in a sample of 
50 units, taking them in sets of five 
each. An estimate of the 
deviation based 


standard 
on the ranges is 
derived from R and the d: factor 
Three 

are determined from the 
X+3R/d and if these 
well within the tolerance limits and 


sigma control limits then 
! + 
reiatior 


\ alues are 
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if the distribution of the 50 observa- 
tions appears to be such that prac- 
tically no units are outside the engi- 
neering requirements, the lot is ac- 
cepted. If, however, the above con- 
ditions are not met, the lot may be 
rejected if it is very apparent that 
there will be a considerable portion 
of the product outside the specified 
questionable cases the 
the 50 
and 


limits. In 
distribution of observations 
additional 


attri- 


is studied carefully 
the 
applied 


inspection by method of 


butes may be 


The 


system is sometimes deemed to lack 


procedure for the lot plot 
the sensitivity required for discrim- 
ination against unsatisfactory prod- 
uct and additional criteria are 
Even the use of templates, 
different 


factory and unsatisfactory distribu- 


needed 
presenting possible satis- 

to determine 
the lot 
observed distributions ob- 


tions, is not sufficient 


acceptance or rejection of 
lor many 
50 recorded values 
taken from the lot. A control chart 
for the the 
samples and also in some cases for 
the ten often 
proves a valuable adjunct for de- 
whether the lot shall be 

rejected. The 
] 


control chart 


tained from the 


ten sub- 


averages ol 


ranges is used and 
termining 
accepted ol evalua- 
tion of sucl for sub- 
samples of five each, depends on 
the lot in 
in a series of lots of similar product 


or is the only lot of its kind. If one 


whether question is one 


of a series, then analysis of prior 


data from similar lots may be used 
good estimates of 
the 50 


data 


to provide fairly 
X’ o', and R’. If 
ments are all the 
consideration should be given to the 
X, o, or R 


lim- 


measure- 
available, 


number of each statistic, 
that fall within lo 
its, 20 limits and 30 


limits. 1.50 
limits, respec- 
tively, as well as those outside 30 
limits for each statistic considered 
These 


to determine the degree 


findings are used as an aid 
of control 
the lot in 
and to render a final deci- 
should 


exercised in producing 
question 
as to whether such lot 


sion 
be accepted, rejected, or inspected 


in detail 


tech- 
sampling plans 
based on variables may prove to be 
very helpful. In 
where the standard deviations for a 


In addition to the above 


niques, inspection 


some _ instances 


series of samples indicate control 


with respect to variability, the crite- 
on sample 


ria may be based only 
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averages. These criteria also may 
be supplemented by attributes crite- 
ria applicable to the sampling re- 
sults 


Another procedure that uses vari- 
ables inspection data for a sample 
includes as the criteria the range as 
well as the average for each sample 
from a lot. It 
lot-quality protection or av- 


selected prov ides 
either 
erage-quality protection, as pre- 
the 
sampling plans based on the method 
of attributes. Anothe1 
the standard deviation for the 
sample rathe1 the 
range for a set of sub-samples and 
| 


aiso 


scribed, similar in nature to 
procedure 
uses 
than 
incorporates many features of 
the attributes inspection plans now 
in operation 


The procedure using the range has 
not been developed to as great an 
extent as that employing standard 
deviation but it is simpler to apply 
Early work on this type of criteria 
was given by Dr. E. P. Coleman in 
Work on 
the criteria using the standard de- 
viation as well as the 
partially completed at the Stanford 
Research Institute and 
in nature to the sampling plans in- 
corporated in MIL-STD-105A 


his doctorate dissertation. 
average is 


is similar 


If use is made of all these criteria 
for acceptance and rejection of in- 
dividual lots and in addition the data 
thus accumulated for these samples 
are plotted on appropriate control 
charts for the key characteristics for 
electronic components, the net re- 
sults should be a quality product at 
minimum cost. The information that 
is obtained from such data may be 
profitably forwarded to engineering 
and provide a basis for determining 
whether design changes are neces- 
sary on the final product. These 
results, when supplemented by com- 
plaint and field reports should pro- 
system of 


vide a fairly complete 


control for electronic components 
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Now all of us know that fault-finding isn’t 


the recommended short-cut to 


winning 


friends and influencing people. Still, there 
is a place for it—even an honored place 


—in industry. 


That’s when fault-finding is 


the by-product of fact-finding, basic func- 
tion of a practical Quality Control pro- 


gram. 


We see it work every day at John Deere. Here, 
dozens upon dozens of “professional fact-finders” 


are stationed at strategic points throughout John 
Deere factories, charged—with the help of tens of 
thousands of instruments and -gauges—to probe 
the vital statistics of manufactured parts, record 
them, and to expose fault where fault exists. 


These men, of course, carry out but one phase— 
the inspection phase—of the John Deere Quality 
Control program—a program, incidentally, that 


Here an operator is grinding the body diameter of 
a cotton picker spindle. The control chart on this 
machine ts similar to thousands of control charts on 
machines or work stations in the John Deere fac- 
tories and is designed to assist the operator and su- 
pervisor in maintaining tolerances. 


JOHN DEERE 


Quality Farm Equipment 


embraces the entire scope of manufacturing. 
Others are just as busily engaged in tabulating 
these facts and translating them in terms of 
indicated manufacturing procedure. 


The Quality Control program is John Deere’s 
way of making sure that each unit leaving the 
assembly line stands, trim and efficient—a quality 
product—ready for the field and ready to serve 
the cause of better farming. 





This chart is much like the one in the picture at 
the left and shows how statistical analysis is used to 
indicate the ability of the process to maintain es- 
tablished tolerances. The projected lines are guide 
lines used by the operator to aid him in maintaining 
these tolerances—all part of the John Deere statisti- 
cal quality control system, 
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Analysis of Variance When the Numbers of 
Observations in the Subgroups are Unequal 


CHARLES R. 


HICKS* 


Purdue University, Lafayette, Ind. 


n several occasions recently, quality control people 
Q have reported that in solving a four-component 
or higher analysis of variance problem, the interaction 
sum of squares came out negative. Knowing that a 
negative sum of squares is mathematically impossible, 
we have casually pushed the problem aside with the 
comment, “Oh, you must have made some errors in 
arithmetic. Go back and re-check your calculations.” 
Upon more careful examination of the problem, how- 
ever, we find after double checking all of our calcula- 
tions that a generalization of the usually accepted 
methods of analysis of variance as outlined in Brown- 
lee” or in Griffith, Westman, and Lloyd,” may actu- 
ally lead to an interaction term with a negative sign. 
Consider the following example from a plant in the 
Syracuse area 

We have two factors at two levels (e.g. two machines 
A: and A» and two operators B: and B:-) and wish to 
make an analysis of variance of the effects of both fac- 
tors (main effects) and the interaction between the two 
factors. Let us define a cell as the intersection of a row 
and a column and the numbers in Table I indicate the 
sum of observations for each cell. The numbers in 
parentheses indicate the numbers of observations which 
were taken to make up this sum 


TABLE | 


Factor B 
at Level 


Row Total 


11,020 787 21,807 
B (24) 


6.163 
B (12) 


Column 17,183 16,052 
Totals (36) (39) 


If we now apply a generalization of the usual tech- 
nique, for example, for the column sum of squares— 
add the column, square, divide by the number in the 
column and add for all columns minus a correction 
term, we find 


Total Sum of Squares (from original data): 
(33,235)* 


io 


18,268,177 — 3,540,641 


Column Sum of Squares 
(17,183)* (16,052)’ (33,235)* _ 
36 39 75 
Row Sum of Squares: 


(21,807) , 11,428)* __(33,235)° 
52 23 75 


*At the time of writing this article the author was with Syracuse 
University. 


52 


= 95,790 


Cell Sum of Squares: 


(11,020) (10,787) (6,163) 
24 28 12 
5 one a0 Oak 
r _ (5,265) (33,235) 173.407 
11 75 
The interaction is taken to be the cell sum of squares 
minus the row and the column sum of squares, or 
Interaction Sum of Squares 
173,407 — (80,844 


3,227 


95,790) 


Here the interaction term carries a negative sign even 
after checking and re-checking our arithmetic. Hence, 
as such a thing is impossible, there must be some erro: 
in the method used to calculate the interaction. 


Upon examination of the data which yield this pe- 
culiar result, we find that this only occurs when the 
numbers of observation in the four cells are unequal 
In this problem, the numbers were 24, 28, 12, and 11. 
Checking the literature, we find that some work 
has been reported on this problem and that to general- 
ize the usual methods to the case of unequal numbers 
in the cells is not correct. The correct solution to this 
problem is given by Tsao in his Ph.D. thesis at Minne- 
sota in 1945 and also in part by Snedecor.” Tsao de- 
velops techniques for solving analysis of variance and 
covariance problems when the numbers of observations 
in the cells are not all equal. It is our aim to present 
here the method which he gives for the case of a two 
by two analysis (i.e., two factors at two levels) in a 
form which may be useful to quality control personnel. 


In applying these methods we need only to calculate 
the means of each cell and introduce a quantity P as 


indicated in Table II. 
TABLE il 


Weichts 
Rato of 
Differ- product 
ence of no. in 
in cells to Weighted 
Cell sum of no Differ- 
Means in cells ence 
As D W DW 


B 11,020 10,787 459.17—385.25—, 24 
(24) (28) —— = ” 955.05 
X— 459.17 X = 385.25 73.92 . 
6.163 5,265 513.58—478.64 
(12) 11) pi : 200.56 
X — 513.58 X — 478.64 34.94 : 


18.65 SDW=—1155 61 


(Sum of Weighted Differences)? (1155.61) 


Sum of Weights 3 18.66 71,567 


Pp 
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The interaction sum of squares is now found by sub- 
tracting this quantity P and the row sum of squares 
from the cell sum of squares—thus: 


Int 173,407 — (71,567 + 95,790) = 6,050. 


Here we see that the sign is positive as it should be. 
We have used in place of the column sum of squares the 
quantity P which has been adjusted for the effects of 
different numbers of observations in the cells. 

To test the significance of this interaction, we resort 
to the original data for the error term which is the total 
sum of squares minus the cell sum of squares: 


Error (or Residual) 3.540.641 173,407 3,367,234 


Then 
6.050 
1 
3,367,234 
71 


Hence, no significant interaction in this problem. The 
interaction can then be lumped with the error term in 
testing the main effects. 

Now, not only is the interaction affected by having 
unequal numbers of observations in the cells, but the 
main effects are also different. The method used in 
calculating the main effects depends on the assump- 
tions we are willing to make. One assumption is that 
the interaction is not significant which applies to our 
problem as we have tested its significance above. In 
this case, the main effects are: 


Column Sum of Squares = P = 71,567 


Row Sum of Squares 
Row Sum of Squares 
(Original) 


Column Sum of Squares 
(Original) 


95,790 — 80,844 + 71,567 = 86,513 


TABLE Ill 


Source of Variat Sum of Squares Mean Square 


Between A 71,567 71,567 
Between B's 86,513 86,513 
Error or Residual) 3,373,284 46,850 

None of the effects (A, B or interaction as summar- 
ized in Table III) is significant at the 5 percent level. 
It is noteworthy that the methods of Tsao should al- 
ways be employed when the numbers of observations 
in the cells are unequal, and we note that when this 
proper method is used, no spurious negative inter- 
actions appear 

To illustrate these techniques on problems where the 
interaction is significant, we cite the example in Table 
IV for easy calculations 


Using the traditional approach: 


(11)? 


Total S. of Sqs 29 8 
13.875 


, (6) (11) 


Cell S. of Sqs 3 8 


10.875 


MAY, 1954 


Row 
Totals 


(14) 5 (15) 11 (29) 
*Numbers in parentheses are squared values 


TABLE V 


(SDW) (0.533)? 
=Ww 2815 


(6) 
4 


0.125 
(4)° (7)* (11) 
3 5 8 
0.008 


Column S. of Sqs 


Row S. of Sqs 


Now using the value of P calculated in Table V 


Cell Sum of Squares Row Sum of 


Squares P 
10.875 — 0.008 — 0.152 = 10.715 


Interaction 


Total Sum of Squares 
Cell Sum of Squares 


Error Sum of Squares 


13.875 10.875 3.000 


10.715 
. 1 10.715 
Fis= 3.000 06 ~ 27-86 


5 
which is significant at the one percent level. 


Hence assuming a significant interaction; i.e. the 
interaction is not zero in the parent population, we pro- 
ceed to test the main effects. But now the main effects 
are different and they depend on further assumptions 
concerning the data. There are two assumptions: 


(1) That the sample we have has the same stratifica- 
tion in its cells as the parent population. Called: Re- 
striction of “weighted means.” The main effects are: 


(Continued on page 56) 
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A conveyor belt corries the tires into the fluoroscope equipment for inspection by x-rays 


"y ' 


se <§ 


for soundness of splice. 


used for Tire Inspection 


Soundness of splice is a vital factor of quality control 
in the manufacture of two distinct lines of semi- 
pneumatic tires by The Ohio Rubber Company. One 
line known under the trade name “AIR KINGS’ 
is designed for a wide diversity of INDUSTRIAL appli- 
cations. The other line known as “SOIL KINGS” have 
various applications on such heavy farm machinery 
os plows, planters, cultivators and other types of 


ogricultural equipment. 


Special fluoroscopic equipment designed and built by 
The Ohio Rubber Company is employed in the inspec- 


tion of every “AIR KING” INDUSTRIAL tire and every 
“SOIL KING” agricultural tire. Only those tires which 
pass the fluoroscopic test for soundness of splice are 
approved for shipment to customers. Inspection by 
fluoroscope is the only positive method of determin- 


ing the vital quality factor of soundness of splice. 


This is one of many modern techniques of quality 
control employed by The Ohio Rubber Company in 
the production of a multitude of rubber and rubber- 
like components for industrial and agricultural 


machinery and equipment. 


‘de QOQHIO RUBBER @. 


A Division of the EAGLE-PICHER COMPANY 


* WILLOUGHBY, OHIO 














..- whether you need TWO or A THOUSAND, 


there’s a Continental Red Seal model 
Engineered and Built for Your Job 


Now that the military models de- 
veloped jointly with Army Ordnance 
are available for civilian uses, you 
can get Continental power for com- 
mercial applications at just about 
every power level from a lawn- 
mower up to a tank. These air-cooled 
military series, from 375 to more 
than 1,000 horsepower, have been 
thoroughly proven under combat 


conditions. Their performance has 
been such as to forecast their adoption 
for many civilian jobs, especially 
those requiring high power-to-weight 
ratio, ease of maintenance, and 
stamina for sustained peak loads. If 
your needs fall between 2 and 1,040 
horsepower, you'll fill them best 
with the Continental Red Sea’ en- 
gineered and built to your job. 
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Column Sum of Squares Weighted square of 
the difference in the two column means, where 
weight is product of number in each column 
divided by the sum of the numbers in the two 
columns 

Row Sum of Squares Weighted square of dif- 
ference in row means. (Same type of weight.) 
This gives the same results as in the traditional 
method above. 


(2) That the sample we have came from a population 
with equal frequencies in cells. Called: Restriction of 


the “unweighted means.” The main effects are 


Column Sum of Squares Square of the sum of 
differences in cell means divided by the sum of 
the reciprocals of the cell weights 


Row Sum of Squares Square of the sum of dif- 
ferences in cell means in first and second columns 
divided by the sum of the reciprocals of the re- 
spective cell weights 


Applying each of these restrictions to our problem, 
(Tables IV and V), we find 
(1) Restriction of “weighted means:” 


Co. s. s. = “PM ]F_ 9 
8 i~ 4 


0.125 


(3)(5) | 
Row S. S "| 
& 


~ 


0.008 


(2) Restriction of “unweighted means 


([2.5 ~ (-1.0)] + [0.5 ~ (2.0) }) 
3 5 


Col. S. S 


(2)(1) (2)(3) 


2.0 
Row I) 
4 


(3) (1) 
0.429 
“weighted 
mean” restriction in Table VI; for the “unweighted 


mean” restriction in Table VII. In each case neither A 
nor B effect is significant at the five percent level 


TABLE VI 


These results are summarized for the 


Source of Variation Sum of Squares Mean Square 


Between A's 0.125 0.125 
Between B's 0.008 0.008 
AB Interaction 10.715 10.715 
Error 5 3.000 0.600 


TABLE Vil 


Source of Variation Sum of Squares Mean Square 


Between A's 1.714 1.714 
Between B's 0.429 0.429 
A™B Interaction 10.715 10.715 
Error 3.000 0.600 
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Note: It may be troublesome to some that the total 
sum of squares is not the same for Tables VI and VII 
(being 13.848 and 15.860, respectively). However, 
Snedecor,” says “when through accident, or under the 
limitations of an experimental technique, erratic losses 
in data occur, the addition theorem for sums of squares 
is annulled and the analysis of variance must be modi- 
fied.” 

Now, to some quality control people, it may appear 
quite laborious to apply this new technique in case the 
numbers of observations in the cells are unequal. This 
technique becomes even more complicated when ex- 
tended to the case of a two by q table (one factor at two 
levels, another at q levels) and for a p by q table. (The 
more general case is treated by Tsao” and in part by 
Snedecor.” ) 

One might justifiably ask, “Isn’t there some easier 
way?” Fortunately the answer is “yes” if you are 
willing to restrict the data somewhat. It can be shown 
that if the numbers of observations in the cells are pro- 
portional (this includes the case of equal numbers, of 
course), the general methods of variance analysis can 
be applied. So, if we do not have proportional numbers 
in the cells, either some data may be deleted at random 
or more observations may be taken in order to achieve 
this proportionality 

Looking again at the problem in Table IV, the num- 
bers now are in the ratio 2:1 and 2:3 (Row 1 and Row 2). 
If only the number in the lower right hand cell were 
one, these cell numbers would be proportional 2:1; 2:1 
across the rows or 2:2; 1:1 down the columns). Since in 
this case we can't get more data, let us select one of the 
three observations in the last cell at random as repre- 
sentative of that cell. We might put the three numbers 
in a hat (1, 2, and 3) and select one at random. Or, we 
might consult a table of random numbers. If we should 
select the number two to retain, we would have the 
data shown in Table VIII. 


TABLE Vill 


Applying the general methods: 
(7) 


Total S. of Sqs 19 - 6 
‘ 


10.833 


9.833 


(Continued on page 60) 
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inspect all classes of internal threads from 5/16" to 5" dia. The segments 
work on the principle of an expanding master plug. This 16 oz. portable 
gage is designed for use in the shop or at the inspection bench. Descrip- 
tive literature on this gage and other Bryant gages is available on request. 


Send coupon today. 


A bench type gage for ex- MAIL THE COUPON TODAY! 
ternal or internal threads ; ss” as A TACT MM RE 


is available, with or with- 
BRYANT CHUCKING GRINDER CO., SPRINGFIELD, VT. 


out squoreness-of-face at- 
tachment. “4 Please send me illustrated folders giving full intorma- 
tion on the Bryant Portable and Bench Thread Gages. 


BRYANT oy, - me 


COMPANY 
CHUCKING GRINDER CO. 
Springfield, Vermont, U.S.A. 








STREET 





city STATE 
ees OS SSS RATT A =| 








| These Controls Guarantee 
in Fastener Quality and 


RAW MATERIAL CONTROL 


The quolity of row material is guaranteed 
by rigorous chemical, physical and me- 
chanical tests coupled with mill analysis, 
heat number and purchase order identi- 
fication. The raw materia! is then kept in 


@ seporote crea 


GAGE CONTROL 


Systematic goge control by periodic 
checks with gage mosters guvorantees 
quality throughout every phase of pro- 
duction and sampling. 


This reservoir of inform- 


ation is invaluable for statistical 


analyses and management reports. 
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PROCESS CONTROL 


In process, quolity is checked by Shewhart 
Control Charts of (X, R, p, ¢, I, etc.) These 
chorts gucrantee the control of quality 
ond products "in tolerance”. 


Studies of these records determine 
process averages, machine capaci- 
ties, quality trends, tool and die life, 
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FINAL INSPECTION CONTROL 


The quality of finished product is guaran- 
teed by Lamson to specified AQL's (Accept- 
table Quality Levels) through MIL-STD- 
105A sampling plans. Source inspection 
is conducted by a Government resident 
inspector. 


ie 


heat treat analyses. Special statistical 
techniques are: Correlation, Analysis 
of Variance and Significance Tests. 


vthorized Lamson Distributor 











BONDED STOCK CONTROL 


The finished aircraft fasteners are 
stored ina Government approved 
Bonded Area, assuring you of quality 
controlled fasteners. Each shipment is 
identified os “Bonded Stock”. | 















































LAMSON AIRCRAFT FASTENERS 
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Aircraft, AN3 to AN20 

Clevis, AN21 to AN36 

Aircraft, Drilled Head, AN73 to 
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AN381 
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AN502—AN503 

Machine, Round Head (Coarse 
Thread—Fine Thread), AN515 
—AN520 

Washer Head, AN525 

Machine, Truss Head, AN526 

Sheet Metal Round Head, AN530 


SCREWS—Phillips Recessed 
Machine, Flat Head, 82° (Coarse 
Thd.—Fine Thd.), ANSO5—ANS510 
Machine, Round Head (Coarse 
Thd.— Fine Thd.), AN515—AN520 
Machine, Truss Head, AN526 
Machine, Flat Head, 100°, AN507 
100° Flat Head (Structural), AN5O9 
Brazier Head, NAS220 to NAS224 
Sheet Metal Round Head, AN530 
Sheet Metal Flat Head, AN531 
100° Flat Head, Alloy Steel, 
CT205 to CT208 
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; (6) (1) 
Column S. of Sqs 


Row S. of Sqs 


0.166 


The results now are as shown in Table [X. Here even 
the interaction is not significant at the five percent 
level. (We know it is significant, however, but re- 
stricting our data fails to show its significance. This 
effect would not be so serious on a larger volume of 
data) 


TABLE IX 
Source of Variation d.f. Sum of Squares Mean Square 


Between A's 1.333 333 
Between B's 0.166 0.165 
A » B Interaction 8.334 8.334 
Error y 1 000 0.500 


Totals q 10.833 


If the reader will now take the trouble to apply the 
methods of this article to this problem of proportionate 
cells, he will arrive at the same results as in Table IX 
regardless of the restriction he assumes 


In conclusion, a few observations are in order 


1) A negative interaction is impossible if the proper 
method is applied 
Generalizing the equal cell technique to problems 
of unequal cells is not valid 
If one has experimental data with unequal num- 
bers in the cells, the technique of Tsao must be 
applied whether the interaction by the general 
method is negative or not. The proper technique 
will depend on the assumptions one is willing to 
make 
If the numbers of observations in the cells are pro- 
portional, the equal-cell methods apply. Usually 
the most practical method of approach is to fit the 
experiment to an equal or proportional cell model 
either by deleting readings at random or, when- 
ever possible, by taking more readings 


Appendix 

For the sake of simplification for some, the following 
mathematical formulas are presented to generalize these 
techniques for the case of a two by two table 

Let T:; be the sum of all observations in the cell lo- 
cated at the intersection of column i and row j. Let n, 
be the number of observations in this cell and X,, the 
mean of this cell. A dot will be used to indicate the 
average when i (or j) takes on the values one and two 
Such a two by two table is shown in Table X. 


Then the quantity P is given by: 


fy nyn . ° 
i (Xy, Xo;) 
} . n 


TN, ny 


n 


TABLE X 


Row Totals 


Column 
Totals 


and two columns reduces to: 


Nj2 Nee 


X»)) 


(Xi. — X22) | ‘ 


Nii Ney 


n.; 


If now we adopt the Q notation for the general 
analysis of variance methods (see Griffith, Westman, 
and Lloyd’), then 


Q, = Total Sum of Squares of all observations 
Ti Ty27 :, Tos? 
Q. t t t = 


Nit Ny2 2 Noe 


(Cells) 
Q,, t = (Columns) 
(Rows) 


Q (Correction Term) 


We can summarize these techniques as follows: 
Regardless of the assumptions made: 
Total S. S. Q, ~ Q; 
Error S. S. = Q, ~— Qe 


Interaction S. S.= Q.-Q,—-P 


And for the main effects assuming: 
A. Non-significant interaction. 
Column S. S.=P 
Row S.S. = Q, — Q, +P 
B. Significant interaction and restriction of: 


1) “weighted means” 


Column S. S 


Row S. S. we he 
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this practical device. In response, we now 
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graduations of .001”, .0001”, .0005” and 
.00025”, and a wide variety of dial mark- 
ings, including metric models. 


Conversion is simply a matter of re- 
moving a pair of pins from the Snap 
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of adjustment remains the same as way of making your Snap Gages more 
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Probability Limits for the Average Chart 
When Process Standards Are Unspecified 


E. P. 


KING 


National Bureau of Standards and Eli Lilly and Company 


INTRODUCTION 


There are two distinct but related phases of control 
chart practice—phase I which is termed “Control with 
No Standard Given” and phase II “Control with Re- 
spect to a Given Standard.” The purpose in phase I is 
to discover whether measurements from samples vary 
among themselves by an amount greater than should 
be attributed to chance. The purpose in phase II is to 
discover whether measurements depart significantly 
from “standard values” which may have been estab- 
lished by experience based on prior data, by economic 
considerations, or by reference to the desired state of 
the process as designated by the specifications. The 
material in this paper wili be concerned with phase I 
only. 

The customary procedure in phase I is to classify the 
total number, N say, of measurements to be drawn from 
the process into m subgroups of size n each according 
to some rational method of subgrouping. For each sub- 
group (or sample) a mean X and a range R are calcu- 
lated and their values plotted on separate charts in the 
order drawn. Using prescribed formulas based on the 
data collected and the sample size, upper and lower 
contro! limits are computed for each chart. (In the 
case of the average chart, these limits are con.puted as 
X + A.R where X is the grand average of all the ob- 
servations, R is the average range, and Az is a factor 
whose values are tabulated as a function of n). If all 
the points on both charts fall within control limits, the 
hypothesis that the process is in statistical control is 
accepted. Otherwise it is rejected 

The above procedure may be regarded as a decision 
rule used to determine whether or not a process is in a 
state of statistical control. Like all other decision rules, 
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if it is used frequently enough it will occasionally make 
mistakes, i.e., wrong decisions. These mistakes will be 
of two types. In the first place the decision rule may 
conclude that the process is out of control when, in fact, 
it is in control, This wrong decision, or type I error as 
it is sometimes called, is made whenever chance causes 
alone result in one or more X or R values falling out- 
side the control limits. In the second place the rule may 
decide that the process is in control when actually it is 
not. This type II error occurs whenever assignable 
causes are present but not “strong enough” to force 
points outside the control band on either the X or the 
R chart. 

This article is concerned only with the X chart. Its 
purpose is to present a slightly different method of com- 
puting control limits which should give the quality 
control engineer better control over the frequency of 
vecurrence of wrong decisions. 


DISADVANTAGE OF THE STANDARD METHOD 


To effectively control the two types of errors discussed 
above, the control band on the X chart must serve two 
conflicting purposes: (1) it must be wide enough to 
insure that points will rarely fall outside the limits due 
to chance alone, and (2) it must be narrow enough to 
insure that sudden shifts in level of appreciable magni- 
tude will result in one or more points falling outside the 
limits, thus indicating the presence of an assignable 
cause, 

When the X chart is constructed by the standard 
method, its ability to meet these two demands depends 
rather strongly on the number of measurements used. 
One combination that has demonstrated its effectiveness 
in practical applications is Shewhart’s plan of using 25 
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samples of five measurements each. Under the special 
assumption of normality, the probability of a type I 
error for this plan has been computed to be about 0.05 
That is, when the process is in statistical control, in 
about one chart out of twenty at least one X among 
the 25 averages calculated from 25 samples of five will 
fall outside the control limits X + A, R. Thus the 
control band in this case is wide enough to provide good 
protection against type I errors. In addition, there is 
adequate practical evidence and some theoretical evi- 
dence that this plan has considerable ability to detect 
sudden shifts in the process level, (The control band is 
narrow enough to provide good protection against type 
II errors.) 

However, this picture changes considerably when the 
average chart is based on a smaller amount of data. As 
the number of subgroups, m, decreases (for n fixed) the 
probability of a type I error decreases. In fact, when 
the chart is based on only two samples (m=2), there is 
substantially no chance of a type I error. This “over- 
protection” against the chance occurrence of points 
beyond control limits is obtained at the expense of a 
considerable loss in “detecting ability” or power. The 
control band is so wide that it includes the normal 
variation of sample means from a controlled process 
and still has “room to burn.” Because of this excess 
width, only a violent shift in the process level could 
result in an out-of-control X value 

Some practical evidence of this fact is shown in Fig. 1 
Observations were drawn from a table of random normal 
deviates to represent measurements on a statistically 
controlled process. These observations were divided into 
subgroups of two and an average X and a range R 
calculated for each subgroup. The first chart is an X 
chart based on the first two X values (with limits set 
at X + A. R where X and R are computed from the 
first two samples only). Each additional chart is formed 
by adding one or more X values (in the order drawn) 
to the preceding chart and recomputing the control 
limits. Note that the limits for the first few charts are 
very far apart, while those for the charts based on 20 
and 25 samples give a more realistic picture of normal 
variation. Putting it another way, the chart based on a 
few subgroups seldom gives a “false alarm” but this 
assurance is obtained at a high price. The chart fre- 
quently fails to sound an “alarm” when there is a “fire.” 
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PROPOSED METHOD 


The penalty for using a very small number of sub- 
groups can be reduced somewhat by using a different 
multiplier for R in the expression X + A, R. This 
multiplier can be chosen in such a way that the prob- 
ability of a type I error is approximately 0.05 regardless 
of the number of subgroups used. Specifically, the factor 
A», which depends only on the sample size n, can be 
replaced by a new factor, C say, which depends both 
on the sample.size, n, and on the number of samples, m. 
A set of values for C is provided graphically in Fig. 2. 
If control limits are placed at X + CR, and if the 
process is normal with fixed mean and standard devia- 
tion, then one or more points will fall outside the control 
band only on about one chart out of every 20 con- 
structed, regardless of the number of samples used. 
Although the change from “A,” values to “C” values 
results in a much narrower control band when the 
number of subgroups is small, it should be noted that 
“C” approaches “A,” rather rapidly as m increases. In 
fact, in the particular case of 25 subgroups, A. and C 
are obviously identical and the proposed control limits 


take the familiar form X + A. R 


EXAMPLE 


Suppose four samples of two measurements each are 
taken at one hour intervals from a process and the 
following calculations made 


X R 
1.17 0.05 
0.14 1.64 
1.13 1.40 
0.54 0.76 


The standard limits would be computed as X — A, R 
1.06 and X + A, R = 2.55. With the proposed method, 

one would enter Fig. 2 on the curve n 2 and read the 

value C 1.36 corresponding to m 4. The limits 

computed by the proposed method would be X — CR 
0.56 and X + CR = 2.05 
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Figure 2—Values of C 





FURTHER CONSIDERATIONS 

Two factors should be emphasized as precautions in 
the use of the procedure described in this paper. First, 
although the use of the C factor gives “short run” charts 
a “better break”, this does not alter the fact that charts 
based on about 25 subgroups have much more powe1 
than those based on three or four subgroups. Second, 
the C factors are approximations. One approximation 
was made by ignoring the sampling fluctuations of R 
in calculating the probability of a type I error. An- 
other, more serious approximation was made by ob- 
taining many of the C values from random sampling 


experiments 


Appendix 

The factor A. is defined''' as A, 3 (\ n d.), 
where d, is the expected value of the range of a sample 
of size n in repeated sampling from a normal distribu- 
tion with unit variance. In this article, the number “3” 
in the expression for A. is replaced by a factor, k 
which depends on the number of subgroups. This factor 
is chosen in such a way that when the distribution of 
the process is normal with mean u and variance o* the 
probability is approximately 0.95 that all the X values 


will fall within a disatnce k,,a/\/n from their grand 


average, X. That is 
Prob X X 


X X 


where X,, Xs, ..., X,, are the means of the m succes- 
sive samples of size n, and X (X, + + X,,)/m 
The values of k,; and k, are obtained from theoretical 
considerations (see reference 3). For m 4 the values 
of k,, are obtained by constructing the sampling distri- 
max X,—X 
bution of for each m from a table of 
o \ n 

random normal deviates.‘*' The 95 percentile of this 
sampling distribution is used as the estimate of k 
because expression (1) is equivalent to 


maxX 4 
Prob k 0.95 


The values of C are then taken as C (\/nd, ) 
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A PROCLAMATION 





WHEREAS, the ever increasing standard of living which Ameri- 
cans enjoy and our ability as a nation to defend ourselves successfully 
in time of war are due largely to our ability to out-produce all other 
nations of the world; and 


WHEREAS, the basic techniue of quality control, although 
developed before World War II, was not widely used until the war, and 
during the war aided in enabling us to produce military goods of quality 
and quantity which exceeded the most optimistic estimates; and 


WHEREAS, The American Society for Quality Control, and organi- 
zation of approximately 8,500 Quality Control Engineers, is dedicated to 
the purpose of furthering the use of quality control by statistical means; 


and 

WHEREAS, through the techniques of statistical quality control 
more and better consumer goods are made available to the American public 
at lower cost; and 


WHEREAS, The American Society for Quality Control will hold its 
Eighth Annual Convention in St. Louis on June 9, 10 and 11, 1954; and 


WHEREAS, it is our desire to welcome the delegates and their 
families to St. Louis and to wish them a most enjoyable stay in our city: 


NOW, THEREFORE, I, Raymond R, Tucker, Mayor of the City of 
St. Louis, do hereby proclaim the week beginning June 6, 1954, as 


"STATISTICAL QUALITY CONTROL WEEK" 


in the City of St. Louis, 


IN WITNESS WHEREOF, I have hereunto 
set my hand and caused to be affixed 
the Seal of the City of St. Louis on 
this seventh day of April, A.D., 1954, 


REGISTER 
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Tickets available for evening activities 
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Admiral Boat Trip 





Convention 


COPY OF TRANSACTIONS A handsome book for yo 


It will serve hand 


aS a 
They will be a‘ ailal | I 
Additi nal cop! 
also be obtained by 
Control, Inc 
ROOKk BOOTH 
in comfort 
discussion of 


EVENING 


famous va 
That's all for now! 


Trips that 
I 


PLANT TOURS will 
representative ol 
2:00 p.n 
Wednesday 
Thursday 
(Shirts) 


Carburetor, Chev 


a limited numb« 
Plant 


transportation for 
I 


Only 


early at the 


ENHIBITS We 


convention 


have space t 


inspection equipment manutfactul 


exhibits on how Quality Control 
for you to pi k up many new 


PLCHNICAL PROGRAM Well-known speakers fron 
of industries you could imagine 


they have solved probl 
knowledge of great valu 


ms of Quality Control 
~ 


trations and copies of all speeches 
tluable information 
1 on the registration form 
ntion for $3.00 each. Copies may 
the American Society for Quality 


N. ¥ 


any related subjects will be on sale 
You can browse and relax 


and for autographs and 


talking. A 
ot 


all 


world’s 


hint is 


the 


you get 


SOT 


plenty of fun for everyone 


through plants which are 
All tours start at 


Louis 


Electric (Motors) 
I Ider 
Magi 


and Manufacturing 


Breweries iday Chef, Carter 


and Century Electric 
Obtain your tickets 
Tickets for 


24 hours in advance 


odated on each tour 


Booth in the Registration Area 


Friday tours must be purchased 


of exhibitors in the history of our 


lled. There will be many gage and 
| 


pootns 


and many companies with 


in their particular industry. An opportunity 
I J 


nation 


will tel 


representing the widest variety 


They you of their techniques and how 


You will find their experience and 








VINjJDY3d YOsI SAGOHi3IV iO OWLNO 
NVEWOD IW 43d »aIQr 1D 3H iL SGIV “TWNSI/ 
. ana} \¢ 104. ee 


8283S “GuOs4 NMWd wOSS3IIOUd 


330155 Say 
} v uy j f O03 j apoy UL NV ( I$$3I0Nd 
Asgsnpuy pooy a : s$0s9juy jesauey J0u | . pernasisey “y8asaguy jes902D 


} 4 


3] 


YNVW dOl 
NOISIAU3d! ! i yIyNOM 
HOYNV3IS39 Y SYIAJNIONG | 
ONINIVYL INVIdNi NO Whi 

ii OF 'y ‘ Ii0 

ays 0} 4S5SY “Ul ‘NOL IVI 
OV ‘SING “IS “OD BAIEA Ory “jueT 
“s90NS YUOI}INPOJG “NYIWNO3344 H 





| 4k] >-Apequiy 
ay jelUYy~e 


: uf} "Buyaeu'8u3 yu 
> | on . | ’ ad sbi wedes “AUN3H ‘Vv NHOf 4OSS340¥d 
SpUSWGOJDADG [EINNSIIEIS MON yD aaljpowoyny Jou “p80s9juj jesavey 


WwW ‘ iVN 


ON 


LNV id N 


PIM Lib 
P H sumowen 
"‘yeMmry wBNOA-sdueYyD ‘seBeue ; 


soquassy s2ueu ’ , ; W , ; , esa ° : 
PAO ~X2GwoD} pul suoljeIIdD ssoursng ua §8as9juy 1P49UN25 





sa qea0 


~Yy oF 
; ] v juesir A ) Al iN 

W }!04)8 J i SSEYWY "UOJSOG “J9e1jS Jesepe4 OB 
> " ) . } A Bu0ij ey uid aN 


suoijei0dg ssaursng yeiuty aAljowoyny pue Aiquiossy jer ueyooWw $$0434u; pesaucy 


AMERICAN SOCIETY FOR QUALITY CONTROL 3 Kiel Auditorium, St. Lowts, Missoury 


sarod 


y : OV 3 / 438 {OsH ' J . Opes8pOyW 
yeuony Sd21K195 pomuy 489s24u) jes9N05 eweu, | GOINRd 


7 Saas 
SNOISS3S IWDINHDIL 





A ou 


suoissasg Asooyl 


pasueap 


JOD Buimaig jj 


; VV 


Vv 


nol yueld 


e484 


ydiig MM ONIAYI & 


Suolssas Asoayy 


sno, jue 


poueapy 


Id 


¢ » 3 Pe 4 
W , { 540} 219% }osjuo> pue 
suojes9dQ ssauisng Sundwes—sossar0,g 1 yo2yeg—jer21way> 


Buiysay SpeIOW 


" ' j01yuo> 2 Suydwes ~ysedag IK , 


Vv Y NM H 
1p20dsu; SsjesoW 


j ' 1 j 
Suunpoeynuew uorsiraig —$95S920Jg snonuijuoy—jediway> j uo 


FYI VA-339H 
JO 3NOINHD31 
3HL ? 


1 4¥OSS340Nd 


iA 3 WN : SuoHjpesigisads i W Y NVWYON 
uonjsodsuy sjeyow 


JO NOlLlWn 


Jayead 


Je ajaoy 4yse Soy g jOUSU 
ve Me ond Bo SW, soje39 NOLON H NIN Japoy WVWWYH3E Uf 
1 


$3100149913 Suzisag peyuowiuedxy—jesiwoy> U worjredsuy sjesow 


4 NIN \ 
ViINIJON 


Niiva3sdO LNVid 1331 
HLIW VYIOILSILVIE 
° "* 


Gi0.) [8035 CUNY ‘seoUls 
OOM d YNHLyv 


1 


1 moO) anusaAy Ulsid 
jsuj . uo Ue DLowYy 
¥38713HD13 ; POW 10409} @ ‘OVILSW ; POW | je21BunyjeeWw ‘NVAITINS “MM 
Buijuug pue sodeg youeasay Suotjes0dg worjradsuy SjeLOW 


IN ‘Sa1s0} 240 


1% 
ye 


VN 
44 


aoiuad 


$31¥3s 





—— — 


SINOT “LS NAOLNAOG 


G402 sousrjuor psojhey ‘MING dG AOWOID :22Inse9I1) 
G40 Jusnesg §risjey ‘NOSNHOL ‘O ANIVHLL :428221995 
fueduoy 2aj°A4 ONY ‘NYWNGAINA HdTOGNY *weapisasg 21, 
Jul ‘qaing-sesmaquy “YAOVS “J GIVNO :vapisaig 
$¥331440 NOIL9D3S SINO1 ‘Ais 


(is5saasuy) 5403INY ‘TIO ~~ 
‘OD 24419019 JPsauay ‘S ; — 
ue2u] ‘Suoug pur on 

55015) some ie ” 


oA4 ‘ 


UOl{JUAILUOI /PNUUP UC > 


. 











Quality Tools 
Best Quality 
Finest Quality 


World’s Best Quality 









High Quality 
Quality Made 
Quality Nuts & Bolts 
Only the finest Quality 
Quality-This Manufacturers claim it as a part of their products. 


: Advertisers speak of it in their promotion. Engineers ask for it 
Quality That in specifications. Salesmen sell it. Purchasing Agents buy it. 





But, what is it we’re claiming, speaking of, asking for, selling, 
buying? How do you recognize it? How is it defined? 


The dictionary says quality is “‘that characteristic which belongs 
to a body or object and renders or helps to render it such as it is.” 
Yet, this definition is no more than a meaningless phrase un/ess 
quality is interpreted in terms of a product's conformance to desired specifications. 


For example, suppdése you need a spring which must fit in a 
specified space, must provide a specified load at a specified length, 
and must meet various other operating requirements. Suppose 
you establish allowable tolerances for each of these characteristics, 
prepare specifications, obtain competitive bids, and select a supplier. 





If your supplier’s price is in line and if, by using proper testing 
equipment and techniques, and modern methods of Quality Control, 
he is able to deliver springs which meet your specifications— 
he has supplied, and you have purchased, a “quality” spring. 


If he goes one step further by supplying you with a record of his 
tests (a Quality Report), if you check it by tests of your own and find 
they agree, you not only have “quality’’-— you also know that you have it. 





HUNTER SPRING COMPANY 
LANSDALE +» PENNSYLVANIA : 2 
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HIGH PRECISION LOW FRICTION 


DIAL INDICATORS 


(Patents Pending) 


NOW, from the pioneers in precision measuring, 

comes a new line of dial indicators combining 

improved design with all the dependable fea- 

tures of previous models, long known and ac- 

cepted throughout industry for their accuracy 

: and precision workmanship. Precision built 

3 throughout to American Gage Design specifica- 

q 4 re) wi re) re) E L Ss tions the complete new Starrett line offers 140 
models to meet every requirement. New design, 

to meet every quality control requirement with outstanding new features to insure greater 
accuracy, sensitivity and repeatability; easier, 

@ STANDARD A.G.D. SERIES — Four series — No. 81 faster reading; longer life and simplified main- 


(A.G.D. Group 1), No. 25 (A.G.D. Group 2), No. 655 tenance — these are the finest indicators ever to 
(A.G.D. Group 3), No. 656 (A.G.D. Group 4). carry the Starrett name. 


@ REGULAR OR NONSHOCK — New NONSHOCK mech- 
anism available on all indicators (except .020", SEND THE COUPON TODAY 
.400” and 1.000” ranges) — completely absorbs im- 


for information on Starrett High Precision — Low 


pact and shock. Also balanced or continuous dials, 
Friction Dial Indicators. 


jeweled or plain bearings, English or Metric grad- 
uations. 


e LONG RANGE MODELS — All! long range indicators are 
direct reading . .. count hands read directly in deci- 
mals — no calculations. 


THE L. S. STARRETT COMPANY, Dept. | Q 


Athol, Massachusetts 


Please send information on Starrett High Precision 
— Low Friction Dial Indicators. 





Visit The STARRETT Exhibit 
BOOTH NO. 18 


NATIONAL ASQC CONVENTION 


See these new Starrett Dial Indicators plus 
many new Starrett Precision Measuring Tools 
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A Statistical Study of an Assembly Problem 


Many situations will arise in in- 
vestigational work that would be 
difficult to solve properly without 
an overall statistical approach and 
analysis of the facts. The different 
methods employed need not involve 
higher mathematics, nor will a most 
elementary knowledge suffice. The 
secret to many answers seems to be 
in the methods and manner in which 
many statistical tools are used and 
related. It is hoped that the ex- 
planation of the following case study 
will further the applications of sta- 
tistical methods to tolerance prob- 
lems 

Blower assembly X is produced in 
our operations, and is the scav- 
enging air supplying unit for Diesel 
locomotive train engines. The rotors 
of the blower assembly are required 
to have a specified amount of end 
thrust, or “play”, for proper opera- 
tion. This was established as 0.002 
to 0.0035 in. It is important to note 
that this specification was introduced 
after some operating difficulty had 
been experienced. 

The new specification seemed jus- 
tified, but immediately caused our 
manufacturing unit to experience 
abnormal rework. Numerous reme- 
dies were tried and all seemed to 
fail. Production employed two 
hourly workers full time to perform 
the necessary rework. This con- 
sisted of several steps 


1. Loosening nuts holding tim- 
ing gear 
Loosening bolts 
Removing gear 

. Pressing hub from spline of 
rotor shaft 
Removing bearing, if neces- 
sary 

5 Selecting and replacing 
either timing gear hub, or 
bearing 


Reassembling, reversing the 
procedures above 


Two major parts had more affect 
on the amount of end thrust than 
any other cause. These parts, illus- 
trated in Fig. 1, were 
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1. Gear Hub—1.9970 to 1.9980 in. 


2. Bearing Assembly — 1.9920 to 


1.9940 in 


Our first attempt to solve the 
problem was to analyze the existing 
process. To assure that data were 
correct, we selected a series of meas- 
urements from the first group avail- 
able for us to observe personally. 
This also gave us time to become 
more familiar with the techniques of 
the assembly process. Figure 2 illus- 
trates the results of this first study. 
Not only was the distribution of the 
end-thrust process considerably 
spread out beyond the specifications, 
but there seemed to be a tendency 
for the thrust measurements to 
skew, or tail out toward the low 
limit. It was also noticed that the 
thrust measurements would occur in 
groups, or “families”, within the 
tota! distribution. This indicated to 
us that some particular causes were 
operating which were artificially 
created, thus preventing chance 
causes from functioning properly. 

The next step taken was to deter- 
mine the process capabilities of each 
of the two major parts. This seemed 
logical, as we wanted to know if the 
process was in a state of statistical 
control, and if the specifications 
were being maintained. Figure 3 
indicates the distribution curves of 
the measurements of hubs and bear- 
ings. The process for the gear hub 
was machining properly, and al- 
though a small number would ap- 


BEARING 


pear now and then on the high side, 
it was considered satisfactory. 

The bearing process, however, was 
found to have a small enough natu- 
ral tolerance relative to specifica- 
tion requirements so that it could be 
operated safely at several different 
levels within the total tolerance 
band, and this, in fact, was exactly 
what was happening. We were thus 
led to believe that one reason for 
the wide spread of the assembly 
distribution of end-thrust measure- 
ments was the combination of hubs 
with bearings produced at various 
levels; ie. the end-thrust distribu- 
tion was being inflated by the wan- 
dering of the bearing process level 
within its tolerance band. 

It was first our desire to determine 
why assembly of the parts produced 
under existing conditions did not 
result in thrust amounts within spec- 
ifications. A comparison of blueprint 
tolerances was made as follows: 


Hub 1.9970” Low Limit 
Bearing 1.9940” High Limit 


0.0030” Min 


Hub 1.9980” High Limit 
Bearing 1.9920” Low Limit 


0.0060" M~-x 


The 0.003 to 0.006 in. which could 
theoretically be attained did not in 
any way correspond to the 0.002 to 
0.0035 in. specification. This was 
explained as due to many factors, 








Figure 1—Blow-up Diagram of the Hub and Bearing Portion of the Blower Assembly 
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END THRUST BEFORE ASSEMBLY 


Figure 2—Histogram of End Thrust Measurements at Beginning of Investigation 


other than the hub and bearing. 
which affected the amount of end 
thrust obtained, such as parallelism 
of housing end faces, squareness of 
end faces of housing with bore, flat- 
ness of end plate, and other causes 
which were considered natural and 
tolerable. Since we were experi- 
encing thrust loss due to the assem- 
bly of parts, how much loss was 
occurring? 

This led us to the next phase of 
our investigation, and one of the 
most important. Shop personnel 
knew that thrust loss was experi- 
enced, but no one seemed to know 
accurately how much, and we re- 
ceived answers of from 0.001 to 
0.003 in. Fifty hubs and bearings 
were consequently measured for the 
amount of thrust before and after 
assembly. Figure 4 shows the cor- 
relation chart of the results. It was 
easy to determine from this scatter- 


gram the amount of end thrust 
needed before assembly, viz, 0.0034 
to 0.0051 in. 

Let us mention at this point that 
prior to our investigation it had been 
decided to separate the tolerances of 
each part into three classes, or 
groups. The parts in each class were 
stamped “High”, “Medium”, or 
“Low”. After reaching assembly, 
such parts were then correspond- 
ingly matched. After we had com- 
pared the 0.0034 to 0.0051 in. thrust 
needed before assembly with the 
amounts which should have been 
obtained under the selective fitting 
system, it was seen that many end- 
thrust amounts would be acceptable, 
and there should not have been the 
amount of rework we were experi- 
encing. 

The reason was uncovered when 
we selected hubs and bearings which 
had already been inspected and 


CORRELATION OF 5O MEASUREMENTS 
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Figure 4—Correlation Between End Thrust Before and After Assembly 
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Figure 3—Separate Distributions of Hubs and Bearings 


stamped, and then measured them 
for accuracy. It was disclosed that 
approximately 20 percent of the 
parts could be considered in the 
wrong classification. This would 
seem to reflect on the accuracy of 
the inspection group, but such was 
not the case in its entirety. The 
squareness of the bore with the 
thrust face (on both parts) 
sumed much of the tolerance al- 
lowed, and due to the method of 
measurement, could result in a dis- 
crepancy in readings of from 0.0001 
to 0.0006 in. Remember that this 
incorrectness was in classifying into 
each of the three groups within the 
tolerance, and not in acceptance of 
the parts outside tolerance. Accu- 
rate classification was not practical 
under the existing conditions; it 
only contributed adverse affects to 
the whole problem. 

It was suggested that the answer 
lay in an improvement in inspection 
methods, or better gaging. Our 
thinking, however, was along the 
lines of not only reducing rework, 
but eliminating the classifying and 
allowing chance causes to function. 
The solution was sold on the basis 
of “let us show you the results.” 

Our main problem was how to 
obtain the desired 0.0034 to 0.0051 
in. end thrust before assembly, so 
that we could make random rather 
than selective assemblies. Since we 
knew the process capabilities for 
both the hub and bearing opera- 
tions, the solution was expected to 
come from there. It was decided to 
accept the natural spread of the hub 
process as satisfactory, and to es- 
tablish 1.9981 in. as the upper process 
limit. Our rework problem would 
not be relatively affected by the few 
pieces which would occur above 
1.9981 in. The bearing process could 


con- 
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be run at several different levels 
and it remained for us to determine 
where. A comparison of the hub 
process limits with the maximum 
and minimum end _ thrust 
before assembly would give us the 


needed 


desired information 


Hub 1.9981" High Process Limit 
0051” Maximum End Thrust 


1.9930" Lower Limit for 
Bearing 
Hub 1.9970” Low Process Limit 
0034” Minimum End 
1.9936 Upper Limi 


Bearing 


Thus, any combinatio 
duced as always. and 
at 1.9930 to 1.9936 ir 
in sufficient end thr 
sembly 

The desired autho 
parts assembled unde: 
cepts was I 
period be gan 
isfactory indeed thev were 


amazing. Figure 5 shows the dis- 
tribution of end thrust 


investigation Qui 


measure- 
ments after the 
recommendations were adopted In 
all fairness we must say that this 


situation did not occur suddenly, as 


100 MEASUREMENTS 


—E 
END THRUST AFTER ASSEMBLY 


Figure 5—Histogram of End Thrust Measure- 
ments at Conclusion of Investigation 


a considerable period of time elapsed 
luring which parts previously pro- 
luced were used in assembly 

To summarize, this was a situa- 
tion which adopted a way of think- 
ing in relation to the data available 
It is true that certain techniques 
were used, such as simple frequency 
histegrams and correlation § chart 
studies. But such items as the co- 
efficient of correlation and signifi- 
cance tests were not needed or used. 
The main point is that the problem 
was solved by the driving theme of 
distribution relationships 

Our results from the entire project 


are as follows: 





products 





More Than Half-a-Century 
of Quality Control 


New Departure, in each of its three modern ball 
hearing plants, considers every 
method or process that can improve the quality of its 
can make fine ball bearings 


NEW 


NEW DEPARTURE = DIVISION OF GENERAL MOTORS + BRISTOL, CONNECTICUT 
Plants also in Menden, Connecticut, and Sandusky, Ohie 


possible device. 


hetter. 


DEPARTURE 


BALL BEARINGS 








Before SQC 
Average No. Reworks 20 out of 50 
Selection by Inspection 
Mating parts by Production 


After SQC 
Average No. Reworks 1 out of 50 
Selection eliminated 
Mating eliminated 
Rework Reduction 95.2°; 


Editorial Note: 
The referee suggests the following 
approach as a logical alternative to 
the methods used by the author and 
his associates: 
Let 
X = Hubs: 1.9970 to 1.9981 in. 
“natural tolerance” 0.0011 in 
End Thrust: 0.0034 to 0.0051 in. 
needed 
The mean of this is 0.00425 in. 
Bearings: “natural tolerance” 
0.0006 in. 

Means adjustable 

X Y Z end thrust before as- 
sembly 


Then 
xX f=Z 


1.99755 — Y — 0.00425 


Y = 1.9933 in 
So set specs for bea. ings at: 


1.9933’ 0.0003” 
1.9930”, 1.9936' 


Since 


36x_y = \/ Box)? + (Goay)* 


0.0011 \ 2 4.0006 \ 2 
2 ; 2 


= 0.00063 in 


the specs on end thrust should now 
be able to meet 0.00425” + 0.00063” 
= 0.0036", 0.0049” which is consider- 
ably better than the 0.0034”, 0.0051” 
adopted. 
In accepting the referee’s suggestion 
the author makes this interesting 
comment: 
“This (the referee’s analysis) 
would account for end-thrust re- 
work being somewhat less in the 
past year than calculations based 
on my solution indicated they 
would be.” 
The paper is published as a record 
of how the problem was solved satis- 
factorily by the men who did the 
work. 
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See how to make an effective appeal to 


everyone's pride in QUALITY WORK- 


posters ‘and news pictures. TO; ie ii 
can’t make it, drop us a line . . Sy 


FREE kit will be mailed to you:withovt 
rede} ble fediteyee 





(ovtinuous ON-MACHINE GAGING 
~& of PARTS 


Pratt « WHitNeEY 


Arr-0-Limit Giga 


Engineered by Pratt & Whitney for a leading bearing manufacturer, this special 
application utilizes an Air-O-Limit Gage with Light Signal Control Unit mounted 
directly on a centerless grinder used to finish outer bearing races. These races must 
be accurate . . . tolerances are held to .0003”. As the races are fed from the 
machine, they are gaged continuously and automatically . . . providing these 
important advantages 

© REDUCED SCRAP LOSS . . . Rejects used to average 1.5%; have dropped to as low as 

0.59% for a full week's production 
© FASTER PRODUCTION RATE... up to 90 races per minute, without sacrificing accuracy 
is possible as a result of continuous gaging 


© LESS NON-PRODUCTIVE TIME . . . operator can correct machine before parts exceed 
limits without stopping production 


pr ne R;! 
8 ae Wo May 
<1) 


Pratt a Wuirney > 


af 
DIVISION NILES-BEMENT-POND COMPANY 
WEST HARTFORD 1, CONNECTICUT, U.S. A. 


MACHINE TOOLS ¢® CUTTING TOOLS 


AUTOMATION 


is a PRACTICAL tool 


IT’S COMING YOUR WAY... 
COSTS NEEDN’T BE PROHIBITIVE 
. . . HERE ARE THE SIMPLE FACTS 


Despite recent developments in some 
fields, the completely automatic fac- 
tory ... with raw materials fed into 
one end of a mile-long transfer 
machine and finished products emerg- 
ing from the other . . . is something in 
the rather distant future for most 
manufacturers. However, Automatic 
Process Control (which will be a vital 
part of eventual complete automa- 
tion) is just around the corner. For 
thousands of manufacturers it will 
soon provide the immediate, practical 
answer to industry’s need to produce 
more accurate parts faster and at 


lower cost. 


SELF-CORRECTING 
MACHINES ARE NEXT 


Automatic “self-operating” machines 
are now in common use; tomorrow 
these machines will be “self-correct- 
ing” as well. Pratt & Whitney Gages, 
for example, have already been 
applied to many types of machining 
and other operations to provide auto- 
matic, in-process gaging. All that 
remains is to provide a “feed-back” 
from the gage to the machine to effect 
corrections automatically. The P&W 
Gages and Control Units to accom- 
plish this are now available, and 
Pratt & Whitney is working in close 
cooperation with several machine 
manufacturers to develop modifica- 
tions in machines that will permit 
adjustment by gage-activated means 
rather than by hand. 


SUCCESSFUL INSTALLATIONS 
ALREADY EXIST 


While widespread availability of self- 
correcting machines must depend on 
further developments, there are some 
installations already in highiy suc- 
cessful operation. Pratt & Whitney 
Control Units are being used in con- 





junction with P&W Continuous Gages 
to provide screwdown control that 
automatically corrects variations in 
thickness of steel being cold rolled. 
Similar installations automatically 
correct the thickness of plastic coat- 
ing on extruded wire. Many other 
types of installations are now being 
engineered and will soon be in oper- 


ation. 


ADVANTAGES ARE MANY 


The advantages of self-correcting 
machines are many and important. 
Production rates are greatly increased 
without sacrificing accuracy; even 
where extreme precision is the pri- 
mary consideration, greater volume 
and more reliable accuracy are 
obtained. Corrections are made with- 
out stopping the machine, thus non- 
productive periods are eliminated and 
further increases in overall volume 
are realized. Rejects are greatly 
reduced. Gaging as a more expensive 
separate operation is eliminated. 
Where a permanent inspection record 
is required, automatic recording 
devices are readily incorporated. 


HISTORY-MAKING GAGES SHOWN 
AT QUALITY CONTROL SHOW 


Several of the gages that are now 


making self-operating machines a 


practical reality . .. and many others 
in the complete Pratt & Whitney Line 

. can be seen at Pratt & Whitney 
Booth No. 61-62 at the American 
Society for Quality Control Show. 


Included will be the newly developed 
synchro-transfer signal control. the 
new Model D Universal Internal 
Comparator, Air-O-Limit and Electro- 
limit Internal and External Clear- 
ance Calculators with Differential 
Computors, the new Model G Air-O- 
Limit Comparator, and the recently 
re-designed Millionth Comparator 
that incorporates such important im- 
provements as a new 4-Way Magni- 
fication Switch that provides even 
greater versatility. Pratt & Whitney 
Gage Engineers will be on hand to 
explain all equipment and discuss 
individual gaging problems. Also at 
the Show . . . a complete display of 
P&W conventional gages. 


pitinuous ON-MACHINE GAGING 


of GROUND 
BAR STOCK 


> 


Pratt a Witney 


eclrolimil Giga 


Developed originally for cold roiling mills, the Pratt & Whitney Electrolimit Model 
D Gage is here applied to continuous, on-machine gaging of precision, centerless 
ground bar stock. The P&W Light Signal Control with meter u. d in conjunction 
with the gage, gives a continuous, accurate reading; light signals indicate over- 
size or undersize. Important benefits include: 
© BETTER CONTROL OF GRINDING ACCURACY ... with immediote correction of machine 
before work is spoiled 
FASTER PRODUCTION .. . operator continuously sees size variciions due to wheel wear 
and makes corrections during grinding. 


GREATER OPERATOR CONVENIENCE .. . indicating meter is easy to read; corrections 
are easier, faster. Extra gaging operations are eliminated. 


EE THE ELECTROLIMIT GAGE at the ASQ.C. SHOW 
IS, JUNE 9-12 —- BOOTH 61-5; 
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DIVISION NILES-BEMENT-POND COMPANY 


WEST HARTFORD 1, CONNECTICUT, U.S. A. 
SINCE 1860 
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--e working to improve farming’s future! 


“ 
Farm implements “write” their own success stories electronically in a new technique 
used by Ford Tractor research engineers to design better tools for better farming. 


A mobile stress and strain laboratory, called the “Travelab,” field tests the Ford 
Tractor and Dearborn Equipment in varying soil conditions across the country. 
Equipped with the most advanced electronic instruments, it measures and records the 
stresses and strains in implements at work. By interpreting electronically-written 
graphs, engineers have positive facts to use in checking farm implement design. 


The “Travelab” can be used with any type of farm equipment—from plows and 
cultivators, to cotton harvesters and hay balers. And it can test this equipment 


INSIDE THE “TRAVELAS” 
A Ford research engineer watches as stress and strain 
pulses are flashed electronically to oscillographs, that 
record the whole story on graph paper. The mobile labo- 
ratory is a self-sufficient unit, equipped with a telephone 
system for communication among test members, and 
ultra-high speed motion picture equipment. 


almost anywhere—in Georgia clay, lowa loam, 
or Texas sand. 

This new mobile laboratory is just one phase 
of an intensive agricultural research program 
being carried on by Ford engineers to provide the 
equipment farmers will need in the years to come 

. . equipment that will further ease the farmer's 
burdens and increase his profits. 


TRACTOR AND IMPLEMENT DIVISION 
FORD MOTOR COMPANY 
Birmingham, Michigan 


lie tes MEANS BETTER WORK... 
Sora Aarnung MORE INCOME PER ACRE 








balanced diet for Diesels 


IESELS star on man-sized jobs like bulldozing mountains into mole- 
hills. And the tougher the job, the more important it is for Diesels 
to have a balanced diet... precise quantities of fuel, accurately 
measured and pumped to each cylinder with split-second timing. 
Most Diesel engine manufacturers select American Bosch fuel in- 
jection systems for this precision job. Just as the American Bosch 
name has long been the standard of performance for automotive elec- 
trical equipment, today it also means engineering leadership in fuel 
injection systems in the rapidly expanding Diesel power field. 
Emphasis on research, engineering, an<i precision manufacture are 
basic policies of the progressive American Bosch management. Arma 
Corporation, a subsidiary, also fulfills this forward-looking thinking ' 
through its continuing development of the most advanced systems in SUBMARINE DOG FIGHT. Electronic systems devel 


‘ oped and produced by Arma Corporation for the Army 
electronic controls and devices for the Armed Forces. Navy, Air Force and Atomic Energy Commission promise 


nteresting future industrial application 


AMERICAN BOSCH CORPORATION 


SPRINGFIELD 7, MASS. 


Subsidiary: ARMA CORPORATION, Mineola, N.Y. - Brooklyn, N.Y. 
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What’s Your IQ in QC 


R. O. SWALM 


Cc. R. HICKS* 


Syracuse University 


Have you ever wondered how your knowledge of 


ility control compares with that of others in the 


same field? You can find the answer to that question 


in 


just 15 min. by taking the quiz which was offered 


first as a surprise feature of the Society’s 1952 Conven- 


ti 


n. The quiz was presented as an interesting experi- 
‘nt in self-evaluation and in that spirit it is here 


offered to our entire membership 


A p chart is used when data consist of 
a) Variables b) Attributes c) Standard Deviations 
d) weights 


Dues of our society become payable in the 


a) Spring b) Summer c) Fall d) Winter 


The sum of the deviations of a group of measures from 
their mean divided by the number of measures equals 


ana boa c) Zero d)X 


The president of the ASQC this year is 
a) Walter Shewhart b) Simon Collier 
c)Wade Weaver d) Alfred Davis e) Leon Bass 


Standard deviation may be correctly called: 


a) Mean square deviation b) Average deviation 
c) Root-mean-square deviation d) Probable Error 


Control charts were first devised by 

a) Juran b) Grant c) Dodge and Romig 

d) Shewhart 

The first widely used double-sampling tables were de- 
vised by 

a) Brumbaugh b) Shewhart c) Dodge and Romig 
d) Simon 

X control charts to examine the variation between 
averages of samples can be drawn by plotting 

a) Subgroup totals c) Subgroup sigmas 

b) Subgroup ranges d) Subgroup size 

The award for the best article in Industrial Quality 
Control for the year is the 

a) Shewhart Medal c) Congressional Medal of Honor 
b) Fisher Award d) Brumbaugh Award 


MIL-STD-105A is used for 
a) Establishing control limits b) Setting tolerances 
c) Accepting material d) Inspecting threads 


If drawing tolerances and the natural tolerances of a 
process operating under the normal law are the same, 
the control limits for X will be 


a) The tolerance limits b) The tolerance limits times n 
c) The tolerance limits divided by n 


d) The tolerance limits divided by \/n 


A.0.Q.L means: 

a) Average outgoing quality level b) Average out- 
going quality limit c) Average outside quality limit 
d) Anticipated optimum quality level 


*Dr. Hicks is now at Purdue University, Lafayette, Ind 
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You will find that the questions range from very easy 
to quite difficult. Do not become discouraged if you are 
in doubt as to many of the answers. When in doubt 
guess, (let the laws of chance help you) and go on to 
the next question. Allow yourself 15 min. You will 
find the correct answers and an analysis following the 
quiz. Good luck! 


An elementary presentation of analysis of variance can 

be found in: 

a) Grant’s “Statistical Quality Control 

b) Simon’s “An Engineer’s Manual of Statistical 
Methods” 

ec) Z 13 

d) Back issues of Industrial Quality Control 


A p chart based on samples taken from each box of a 
large shipment of parts can be used to test: 

a) The homogeneity of the shipment 

b) Whether or not the parts are produced under control 
c) Whether or not the parts are in specification 

d) None of these 


It is often economical to permit X to go out of control 
when: 

a) Individual R’s exceed R 

b) Cost of inspection is high 

c) 6 o is appreciably less than the difference between 
specification limits 

d) The X control limits are inside the drawing tolerance 
limits 


When measurements show a lack of statistical control, 
the standard error of the average 

a) Is related to confidence limits 

b) Is a measure of process variability 

c) Is simple to compute d) Has no meaning 


The factor(s) for determining the 3-c control limits for 
an X chart from o is (are): 
a) A, b) A, c) B, and B, d) D, and D, 


When incoming material is inspected by go not-go 

gauges, a group sequential sampling plan will 

a) Prevent acceptance on the first sample 

b) Never require more sampling than a single-sampling 
plan 

c) Always be inferior to double sampling 

d) Give the most flexible sampling consistent with the 
quality of the material 


A cumulative frequency distribution is called: 

a) An operating characteristic b) A histogram 
c) An ogive d) A frequency polygon 
Probability paper can be used: 

a) To inspect a distribution for normaliiy 

b) For control charts 


c) To reduce the importance of extreme values 
d) None of the above 


Consumers risk of 10% means that: 
a) The probability that a sampling pian will reject 
“good” material is 10% 
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b) The probability that a sampling plan will accept 
“poor” material is 10% 

c) The acceptable quality level of the lot is 10% 

d) The unacceptable quality level of the lot is 10% 

The basic purpose of control charts for X and R can be 

accomplished equally well by: 

a) A “t” test b) An “F” test 

c) Analysis of variance d) Multiple Regression 


As compared to a single point outside either 3 o limit, 
two points in succession outside the same 2 o limit on 
the control chart for X are: 


a) A more significant indication of an assignable cause 


b) An equally significant indication of an assignable 


cause 
c) A less significant indication of an assignable cause 
d) Unimportant 
In the Poisson distribution, the standard deviation is 


a) Vpq b) V X<pq c) Ve 1) None of these 


If nothing is known concerning the pattern of variation 
of a set of numbers, we can calculate the standard devi- 


ation of the set of numbers and state that X + 3 o will 
include at least: 


a) 89 percent of all the numbers 

b) 95 percent of all the numbers 

c) 99.7 percent of all the numbers 

d) None of these 

When A and B are distributed normally and inde- 
pendently, o,.» is equal to: 

a) og + Og b) o, — Gp 


c) V O4" > One d) \ Oa" O,- 


Here are the correct answers to the quiz 


1b 11 
12 
13 
14 
15 
16 
17 
18 
19 

l0c 20 


YOUR KNOWLEDGE OF 
QUALITY CONTROL IS: 


IF YOUR SCORE IS 
FROM: 


0 to 6 Poor—Better sign up for a 
basic course in Quality 
Control. 


Fair—But you might con- 
sider rereading one of the 
basic texts such as Grant’s 
Good— Have you considered 
a senior membership in the 


society? 


18 to Very good—Perhaps you 
should ask for a raise 


Excellent — Have you ever 
considered writing a book? 


MAY, 1954 


If the distribution of defectives among various lots is 
found to follow the laws of chance, we can conclude 
that: 

a) The manufacturing process was in control 

b) The product was well mixed before dividing into lots 


c) Either (a) or (b) is true 
d) All lots should be accepted 


The probability of drawing at random exactly one de- 

fective in a sample of 5 from a lot of 50 containing 20 

percent defectives is 

C,50 divided into 

a) C,,49 C,5 b) C.* C, 

. *40 0 20 7" 40 C10 

c) C,49C, d) C,49 C, 

If three blocks are to be assembled by placing them on 

top of each other and if the height of each block is 

specified on the component part drawing as 1.000” + 

015”, we can expect the difference in height between 

the largest and smallest of 100 such assemblies to be 

nearest to 

a) 0.030” *) 0.090” 

b) 0.060” d) More information is needed be- 
fore an answer can be given 

In setting up a control chart for a certain process, o’ is 

found to be 11 units. Repeated measurements of the 

same part using the same technique on which the chart 

is based show a standard error of measurement of 5 

units. The best estimate of the true standard deviation 

of the process is nearest to 


a) 6 units c) 11 units 
b) 10 units d) 12 units 


How do we get these ratings? How reliable are they? 


And how about the questions on the quiz—aren’t some 
f them pretty poor? Thanks to the splendid coopera- 
tion of the delegates to the 1952 Convention, the answers 


to these questions are now available, and since the 


determination of the answers illustrates the way that 
test makers use the same sort of statistics we apply to 
Quality Control problems, a brief consideration of the 
answers and how they are obtained may be of interest 

Perhaps the first thing that should be said is that, 
compared to the traditional test in which 60 to 70 per- 
cent is a passing grade, this is a quiz designed on the 
principle of a test of increased severity. In order to 
differentiate more accurately between various levels of 
ability the test was designed to yield an average score 
of about 15 correct (or 50 percent). How well did we 
succeed? Well, we were lucky—the average for the 851 
turning in answer sheets at the convention was 14.4 
The standard deviation of scores was 5.4, and the classi- 
fication listed above are based on the following: 


Over 1% Standard deviations below the mean 
Poor. 


From 11s to % Standard deviations below the mean 
Fair. 


From 1% below to % Standard deviation above the 
mean—Good 


From 2 to 1% Standard deviations above the mean 


Very Good. 


Over 1% Standard deviations above the mean— 
Excellent. 
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rhe ld be 
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is part 
ned out to be 
200 ettings 
MIL-STD-105A four of the 
e, double or sequential sam} 
the seven easiest The hardest item was 
which tested for knowledge of Tcheby- 
ity (see Grant, pages 75-6). Despite 
f to the convention 
within 
distribution 
al picture of item difficulty clearl) 
goal of choosing items that ranged fror 
quite difficult in approximately equal 
shows how poorly we succeeded 
1x 


group the items roughly in their orde 


super! rrol intern 
whol is taken 
iferior knowledge of qc 
pow it any tem is measured DY 
relatior betweer 
ore l *! » St Since \ 
] and lower group getting each 
se the etrachoric coefficient | 
this double dichotomy. Its value 
quite accurately and convenient, 1 Figure 
Page 184 in Adkins “Construction & Uses of Achieve- 
Tests” (US Civil Service Commission, Washing- 
le items are arral ged verti- 
to d rimi Note 
thos 


active in 


score on the given item alone 


we measured the 


) 


quality control. But isn’t this natural? Those who know 


quality control will know the answers to such questions 


and those who don't know quality control probably 


won't 

Item 22 was the least discriminating of the 30 items 
(1 0.14). It was intended to test for knowledge 
fact that a complete two component analy sis olf variance 
provides the same sort of information as X and R 


charts, since a test for homogeneity of variance is simi- 


lar in purpose to an R chart and both an “F” test and 
art compare within sample variations with be- 

tween Sal ple variations 
The low value of “r” for this item and the comment 
some of the papers at the Convention point clearly 
fact that we did not construct a good item t 

this knowl ioe 
eral picture I i riminating powel! | 
is encouraLkineg, I wevel ince in general 
practice, questions with an “r” of less than 0.15 (in- 
ng all juestions with negative “r’’) are considered 
to have unsatisfactory discriminating power, According 

iatistactory 


to this criterion only question 


addition to iten analysis 
test to deter 
This basically measures the 
ndividual score independent of 
and IS coeflicient 
vo torms | l SUCCESSIVE 
strations of the same > I much as tnis test 
was given but once and no other forms are available 
irect calculations of the reliability impossible For- 
tunately, it 1 be determined from t ifficulties, « 
em test correla- 


percentages correct ol the items, the 


i 

tions, and the standard deviation of the test, using the 
Kuder-Richardson formula (well-known to test mak- 

s) For ou! sample of 200 st reliability was 
0.87. As for all correlation coefficien ero represents 
no correlation and un \ epresents pertect corre lation 
Thus 0.87 eliability a 30-item 
test 
From the reliab 


test scores we can termine the standard erro 


and the standard deviati 


ndividual’s test score. For ou { standard err¢ 


of a score is 2 points. This me: > cor- 
rect 95 of the time in stating th ue score as 
measured by this test can be considered to be within 

1 points of your actual score, For example if youn 
score was 12, your true score as obtained from taking 

ilar tests infinitely many times is quite probably 
between 8 and 16 


So you see there is inevitably le r in educational 


neasurements, as in all measurements, and perhaps even 
though your actual score showed only average ability 


your true ore would indicate good ability 


With the help of our test analysis, we now con- 
struct a better test—but until we anothe 
large group of qualified subjects > WW have no 
norms. And the analysis clearly indicates that the test, 
in its present torm, vields a reasonably good guide to 
one’s knowledge of quality control. We hope that the 

you missed will stimulate you to explore this 
fascinating field still further, thus accomplishing th 
test’s real purpose—to present a useful learning ex- 


perienct 
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PERCENTAGE OF INDIVIDUALS GETTING THE ITEM CORRECT (ITEM DIFFICULTY) 
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Figure 1—Graph of Item Difficulties 


(Based on random sample of 200) 


CORRELATIONS BETWEEN ITEM AND TOTAL TEST SCORE - A MEASURE OF ITEM'S POWER TO DISCRIMINATE 
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Figure 2—Graph of Item's Power to Discriminate Between Good and Poor Individuals 
(Based on random sample of 200) 
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Only a Taft-Peirce 


i Computes Difficult Measurements Automatically 


A T-P Computing CompAIRator eliminates the need for two measurements and a calcula- 
tion. One gage, one dial, meesures, calcuiates and indicates the final answer instantly on the 
dial face, for such difficult measurements as center distance without respect to hole size, 
deviation from angle or taper, concentricity, and squareness of bore to face. 

The three dial Computing CompAIRator pictured above does the work of six dials in 
checking bend, twist, and center distance of connecting rods. 


HE TAFT- P ELRCE MANUFACTURIN G 








2 Checks Diameters as small as .055” 3 Checks Tolerances up to 120 thousandths 


The velocity-type circuit of a T-P CompAIR- T-P CompAIRator air-contact members can be furnished 
ator, which permits use of tiny air passages and to permit measurements within this wider tolerance range 
nozzles, makes these small measurements pos- with a standard unit. 

sible quickly and accurately. 


Gives Simultaneous Signal Light 
and Dial Indications 


A T-P Air-Electric CompAIRator offers the ultimate 
in speed for multi-dimensional gaging. It provides both 
exact size on standard dials and light indications for 
oversize, undersize, and within tolerance conditions. 





Couple these great features with the greater 
speed, accuracy, and dependability of a T-P 
CompAIRator — and you know why thou- 
sands use and prefer them. Write for demon- 
stration at your plant. Prove the time and 
money saving differences for yourself. 


COMPANY, WOONSOCKET, RHODE ISLAND 

















Inspecting a special gage on a Taft-Peirce 24” x 36” Granite Surface Plate. 


New Taft-Peirce GRANITE SURFACE PLATE 
Keeps Measurements On The Level 


FOR PRECISION MEASUREMENTS that require the ultimate 
in smooth flat surfaces, Taft-Peirce now offers some- 
thing new in surface plates. A Blue-White Granite 
Surface Plate. Made of a granite new to toolrooms, it’s 
harder, more wear-resistant, easier to use and care for. 
SURFACE ACCURACY is not subject to distortion. Plate is 
free from all residual stresses. Temperature changes or 
shock can’t warp it. 

SMOOTHER, its blue-white grain is extremely fine and 
even — yet natural pores assure free movement of tools 
and instruments. 

PRACTICALLY INDESTRUCTIBLE, heavy pointed objects 
dropped on the surface barely powder point of impact. 
No humps or burrs are raised to impair accuracy. 
Unique grain direction running 45° to working surface 
of plate prevents cracking, chipping, or breaking. 
RUST-PROOF, no oiling or covers necessary. 

LOW POROSITY makes moisture absorption negligible. 
Tools or work left on this granite surface are not subject 
to rust. 

NON-ABRASIVE, the extra-fine grain won’t impregnate 
readily with dirt or grit particles to cause abrasion. 


Surface is easily wiped clean and free of foreign matter. 
NON-MAGNETIC, it won't deflect instruments. Nor will its 
soft blue-white color glare or cause disturbing reflections. 
ACCURATELY GROUND AND LAPPED, backed by more than 
75 years of experience in making precision products, 
Taft-Peirce Granite Surface Plates are the newest ad- 
dition to a famous line of layout and inspection equip- 
ment. 


Write for price list today. 


For more information on surface plates and 
many other items, get your cop, of 
the new Taft-Peirce Handbook. 


THE TAFT-PEIRCE MANUFACTURING COMPANY - WOONSOCKET, RHODE ISLAND 
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Through Integrated Production Cperations 


Willys Motors, Inc. Controls Quality 


From Materials to Finished Product 


FOUNDR Y —Biocks used for Willys engines are cast FORGE—willys produces forgings to the highest 
in its Wilson Foundry Division at Pontiac, Michigan. standards of quality control in its forge shops 


BODY PLANT—Stotistical methods of physiccl ENGINE PLANT—Precision equipment is used in 


inspection assure uniformly high quality of each unit. the Willys engine plants. 


As a pioneer of statistical quality control, Willys Motors, Inc. uses 
advanced scientific methods recognized throughout industry. With its 
integrated production operations, such as those shown above, quality 
is carefully controlled at every stage of manufacture. As a leading 
manufacturer of service vehicles, Willys Motors meets exacting stand- 
ards required by the Government—standards adhered to in its civilian 


production. 


WILLYS MOTORS, INC. 


TOLEDO 1, OHIO 


MAKERS OF AMERICA’S MOST USEFUL VEHICLES 








“The Kimberly-Clark Corporation began in 

o look to its Research and De velopment 
Laboratories for additional ways of provid- 
ing quality products at suitable costs. Many 
scientific techniques such as statistical meth- 
ods have promoted progress through the 
years. Only by taking advantage of the con- 
tributions of science can an industry expect 
to meet the constant demands of the customer 


for higher quality and lower costs.” 


LO 1, SB we reer 


KIMBERLY-CLARK CORPORATION 


NEENAH, WISCONSIN ° MANUFACTURERS OF PAPER AND CELLULOSE PRODUCTS 
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Send your “Practical Aid” 
contribution to: 
Dr. Ellis R. Ott 
Rutgers University 
77 Hamilton Street 


New Brunswick, N. J. 











Which Sampling Plan Should I Choose? 


Modern developments in sampling 
theory have permitted us to con- 


struct sampling plans whose be- 
haviors are rather exactly predicted 
Nowadays we have available exten- 
sampling 

tables, 


more 


sive published lists of 
plans: the Dodge-Romig 
MIL-STD-105A, and 


which are in less wide use 


many 
Indeed, 
the industrious quality control en- 
gineer can construct a spec ial plan 
suited to any clearly 
Tell him what are good and bad 
levels of quality, what risks you are 
willing to tolerate, and he will be 


stated need 


able to set up precise instructions 


for the inspector 


Old-time rough rules, such as 
“inspect ten percent of each lot and 
reject the lot if any defectives are 
found,” were generally used without 
knowledge of the risks being taken 
and without realization that the ex- 
tent of protection depended on the 
size of the shipment. It is easy to 
avoid errors of this kind today. You 
do not have to be a mathematiciar 
All that is 
your sampling plan from a recog- 
nized table of plans 


necessary is to select 


THE PROBLEM 


Nevertheless there is still a puz- 
zling problem: Which plan fits my 
The tables list hundreds of 
sampling plans. Which acceptable 
quality level (AQL) or average out- 
going quality limit (AOQL) or lot 
tolerance percent defective (p,) is 
appropriate for a particular prod- 
uct? Honesty compels me to report 
that the choice of risks and per- 
centages just referred to is still 
largely by rule of thumb in industry 
today. 


needs? 


In fact I had one client who was 
clandestine photostats of a 
competitor's sampling plans. Each 
sheet was labeled with a percentage 
Unfortunately he had never been 
able to find out how these percent- 


using 
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DR. JOHN W. ENELL 
New York University 


ages were defined — whether they 
were quality averages, minimums, 
maximums, or what 

A sampling plan, no matter how 
scientifically designed, is only as 
solid as our knowledge of the pro- 
tection we need. In consequence, it 
cannot yet be said that the use of 
sampling has become 100 percent 
scientific. Guesswork too often en- 
ters into our specification of the 
quality level required. 

Properly used, the sampling plan 
is a sensitive device. We are wast- 
ing some of its abilities when we 
fail to define our requirements for 
protection exactly. It is rather like 
using a fine lathe and a super- 
micrometer to obtain a diameter 
which the designer has _ specified 
only to the nearest 1/16th inch 

In this paper I would like to con- 
sider one practical approach to the 
problem of determining the require- 
ments for a sampling plan. I will 
deal chiefly with the choice of 
AQL’s for MIL-STD-105A since this 
is probably the most widely used 
table of attribute sampling plans at 
present. In this way I can be more 
specific 

When your product is bought by 
the armed forces, they will normally 
specify the acceptable quality level, 
at least for the finished product. In 
effect they will choose the sampling 
plan for you, if one is to be used. 
(All you have to worry about is how 
to attain the required quality!) I 
do not know whether their methods 
for selecting AQL’s are more scien- 
tific than yours or mine, but in any 
event the decision is out of our 
jurisdiction 

The problem is ours, however, for 
most commercial products. Here we 
must decide for ourselves what 
quality level is necessary. And even 
where the end product is for the 
armed forces, we will generally be 
responsible for proposing suitable 
sampling for receiving inspection 
and for process control. 


TO SORT OR NOT TO SORT? 


To start with, let me ask why we 
sample. In acceptance sampling (to 
which this discussion is limited) the 
object is to decide on disposition of 
the lot. The alternatives are to ac- 
cept or reject the lot which is before 
us. 

A suitable sampling plan should 
reject when rejection is cheaper, 
and accept when acceptance is 
cheaper. It is as simple as that. 

A lot which is accepted may (ac- 
cording to the laws of probability) 
have some defectives in it. When 
the decision is to accept, we should 
consider the costs these defectives 
generate: extra labor, materials, or 
overhead expenses incurred by let- 
ting some imperfect parts go on 
through production. Sometimes it 
involves very little effort or expense 
to set aside in the shop parts with 
minor defects. 

A lot which is rejected will nor- 
mally be sorted. If this is the case, 
and defectives found are repaired or 
replaced, the total of these costs is 
the price of rejection. 

Let’s look at an example. Con- 
sider the case of punched pieces of 
mica film used in certain condens- 
ers. Pinholes or conducting inclu- 
sions are fatal defects. They short 
circuit the finished unit. The total 
cost of manufacture is lost since it 
is impracticable to salvage any part 
of the unit, which is molded in 
plastic. 

Costs and definitions of symbols 
are as follows: 


A = Unit cost of acceptance (harm 
done when a defective piece 
slips through intc subsequent 
production operations) 10.5 
cents 
Cost of inspecting one piece 
(good or bad) = 0.1 cent 


Cost of repairing or replacing 
a defective component once 
found = 0.5 cent 
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VERTICAL MECHANICAL 
COMPARATOR 


with magnifications of 


K900-X1000-X1900-X3000-X5000 


@ The SIGMA comparator is accurate, sensitive, and 
rugged—excellent for dimensional checking of parts 
at the production line, in the tool room, or inspec- 
tion department. 


@ Vertical capacities: 6” or 12”. 

@ It is completely mechanical — sets up anywhere in 
your plant without time-loss for making and break- 
ing electrical connections, and without limiting 
application due to location of outlets. 


@ Uniform measuring pressure on measuring spindle 
makes accurate readings possible over the entire 
scale range. 

@ 6’ scale is exceptionally easy to read and reduces eye 
strain. 


@ Vertical adjustments provided for head and table, magnification: X500 
final setting on scale. vertical capacity: 6” 


@ Anvil table is reversible. PRICE: $278 





COMPARATORS — 6” vertical capacity—31,," throat depth 





MAGNIFICATION RANGE PRICE 
X500 .O12 
X1000 .006 
X1500 .004' 
X3000 .002 
X5000 .0012 

















Immediate delivery from stock in New York City. 
Prices for comparators with 12” vertical capacity will 


be sent on request. 


Write for catalog ...or, for high-speed, 100% inspe:ition problems, 
get details on SIGMA’s multi-dimensional inspection equipment. 


COSA SORPORATION tor core 3 rss mein a 


405 Lexington Ave., New York 17 from Small Bench Lathes to Large Boring Mills 4 


IN DETROIT AREA contact DETROIT-COSA CORPORATION, 16923 james Couzens Highway, Detroit 35, Miche, 





ross the diagram because 


each scrapped condense: 


regardless of the number 


represents the cost of 


re placing a defective 


sa result of sorting after 

ing plan has rejected the 

ose two percent ol the 

nica in the lot happen to 

ive. Then on the average 

the inspector will find one bad piece 
each 50 he tests. The cost of find- 


ng this bad piece will have been 





SHADOGRAPH... 
For Fast Precision Weighing 


SHADOGRAPH's shadow-edge indication is projected by a 
beam of light, eliminating all friction of indicating mechanism 
and increasing visible accuracy over 300 Greater speed is 
achieved through reduction of lever movement and by the 
action of an adjustable damping device. Accurate reading can 
be made from any angle without danger of parallax Ideal for 
precise compounding, for weighing very costly materials, of 
for dozens ot other uses calling for extreme accuracy. Avail 
able in capacities from 50 grams to 1500 grams, sensitivity as 


’ 


fine as 12 milligrams. Write fot complete details on Shado 


graph center-tower models 


lxack\Weiglht 


Better quality control L 
Better cost control Ca E63 


THE EXACT WEIGHT SCALE COMPANY 


957 W. Fifth Avenue, Columbus 8, Ohio 
2920 Bloor St. W., Toronto 18, Canada 











Figure | 


Ip I x 50 0.1 x 50 9 cents 
The value of the defective film is 0.5 
cent. The al cost to find and 
eplace =m refore 5.5 cents if 
there are percent defective 
Other point n the curve are found 
similarly 

One can see from examining th 
completed chart that the curve (cost 
ot rejecting, sorting, etc.) Is 
than the straight line (cost 
cepting) if the incoming per 
defective is greater than one per- 
cent. Thus a suitable sampling plan 
should usually reject in this region 

The reverse is true if the per- 
centage defective is less than one 
percent. Then it is cheaper to accept 
without further ado 

At one percent, the breakeven 
point, the less is the same whethe: 
we accept or reiect. Evidently the 


That is, p I/(A—C). The ratio 
of these costs is all that matters, 
not the absolute values. In every- 
day usage we do not need to draw 
the chart at all: we merely note the 
ratio 
If the cost C to replace the com- 
ponent part is small compared to A 
the dam we done by a defective 
slips through, then the rela- 
approximately 


I 


A 
Cost to Inspect One Piece 
Damage Done by One Defective 


Dp 


1e component parts are sold to 
another company, and the cost 
of replacement is not borne by us 


this is an exact ratio 
WHICH AQL TO USE 
To make our economics usable we 
must translate our breakeven data 


into an AQL or other sampling plan 


designatior 
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Pp \ oy tT] for ELECTROMECHANICAL INSTRUMENT COMPONENTS 


For more than 12 years, P M Industries has specialized in designing, developing, and 
producing electromechanical instrument components of widely divergent natures. The prin- 
cipal concern has been with slip ring assemblies (from 8-foot, 500-ring assemblies down 


to miniatures for synchros, gyros, and resolvers), but PMI also maintains a contract manu- 
facturing service, producing such devices as operator control assemblies for anti-aircraft 


directors, electrical winches, guided missile components. 


The years spent solving problems imposed by a diversity of customer specifications have 
abundantly endowed PMI with experienced engineers and skilled technicians, backed up by 
complete laboratory and factory facilities. The combination may well be of value to you in 
helping solve troublesome component problems. Your inquires are invited and will receive 


prompt attention 


i 
| 


P Mi Industries, Inc., stamford, Conn. 


Design - Development -Production e Electro-mechanical Assemblies 
ad 





Suppose the mica usually comes to 
us in shipments of 15,000 pieces. For 
normal inspection MIL-STD-105A 
provides that letter N sampling plans 
should be used for lots of this size 
Referring to Figure 2 (from page 45 
of the military standard) we see the 
characteristic curves of a numbe1 
of these plans 

Our economic analysis indicated 
that the sampling plan should gen- 
erally accept lots less than one per- 
cent defective and should generally 
reject lots more than one percent 
This 
which passes near the probability 
0.50 at one percent defective. The 


defective implies a 


characteristic curve for the plan 


labeled AQL 
this. This is the plan to adopt 


0.15°> is nearest to 


PRACTICAL PROCEDURE 


It should not be inferred from the 
foregoing that charts must be drawn 
and curves consulted by the inspec- 
‘or every time a sampling plan is to 
Once it has been recog- 
factor is 


be used 
nized that the dominant 
p),, it is possible to set up a tabula- 
tion recommending AQL’s appropri- 


ate to various ratios. This is used 


Over 85% of the torque wrenches 
used in industry are 


lunes 


TORQUE WRENCHES 
Read by Sight, Sound or Feel. 


Mart 


@ Permanently Accurate 


y ee) 


@ Practically indestructible 
@ Faster—Easier to use 
@ Automatic Release 


@ All Capacities 


in inch grams iach 


ounces inch pounds 


foot pounds Jf 


manufacturer, 
design and 
production man 
should have 
this valuable 
data. Sent upon 
request 


curve 


by the persons charged with setting 
up plans, not the inspector at the 
bench 
Such a 
Chart 1 
AQL’s are often set by 2 commit- 
tee consisting of repres: ives of 
quality control, engineering, and 
sometimes production or others. In 
going over various dimensions and 
characteristics this 


tabulation is shown in 


other quality 
committee should strive to estimats 
the ratio of unit inspection cost to 
damage done by one defective. The 
tabulation can then be used to trans- 
late this ratio into an AQL. 

The AQL’s listed in Chart 1 are 
for the MIL-STD-1095A plans near- 
est to 0.50 probability at the break- 
even point. Persons who prefer to 
err on the side of overinspection 
may wish to use the next smaller 
AQL 

At final 
safety, good will, and other intangi- 
bles are involved. These being diffi- 
cult to evaluate in dollars, I can 
only suggest that a tightened AQL 
such plan of action 


inspection, customer 


be used. Any 
really amounts to placing some dol- 
lar equivalent on the intangibles 
even when we declare ourselves un- 


able to measure one 


WHEN NOT TO SAMPLE AT ALL 


As previously indicated, a prime 
purpose of acceptance sampling 
plans is to determine whether it is 
cheaper to endure the costs of ac- 
ceptance “as is” or to search out 
and correct the defects. (There may 
of course be other subsidiary objects 
such as the rating of quality of out- 
going product.) 

The sampling inspection itself 
costs money. Past records or other 
evidence may sometimes indicate 
that quality is quite usually well 
to one side of the breakeven point. 
Where this is the case the sampling 
plan will habitually make the same 
decision. Then you may well say, 
“Why not skip the sampling? Let’s 
just omit inspection altogether, or 
use 100 percent inspection, as the 
case may be.” 

The crucial factor in deciding 
whether to use sampling in such 
instances is not so much the everage 
percent defective as the variability 
from lot to lot. 

If the quality is substantially bet- 
ter than breakeven, and stable as 
well, no inspection may be needed. 


If it is substantially worse than 


OPERATING CHARACTERISTIC 
CURVES FOR SINGLE SAMPLING PLANS 


(Curves for Goudie ond multiple sompling ore essentially equivelent) 
SAMPLE SIZE CODE LETTER: N 


+ +++ eueuest 
i 4. 


\ 
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PERCENT OF LOTS EXPECTED TO BE ACCEPTED 



































QUALITY OF SUBMITTED LOTS 
(in percent detective or detects per hundred wane) 


Figure 2 


breakeven, and consistently so, it 
will be cheapest to use 100 percent 
inspection without stopping to sam- 
ple. If the quality is erratic, then 
sampling will pay for itself. 


CLOSURE 


It is my hope that you will agree 
that we should make less use of the 
crystal ball in fixing AQL’s and 
other standards of perfection. The 
method we have discussed has the 
advantage of being simple while 
keeping our eyes on the main fac- 
tors that should affect the decision 
I think an answer based even on 
rough economics, is a move in the 
right direction. Undoubtedly we will 
think of refinements as we go along. 


REFERENCE 


Quality Control Handbook, J. M 
Juran, McGraw Hill, 1951, section 7, 
“Statistical Methods in the Quality 
Function” by J. W. Enell, pp. 413- 
15 


CHART 1—AQL’s Suggested for Various 
Ratios of Unit Inspection Cost to Unit Damage 


for pr use AQL of 
0.015 
0.035 
0.065 
0.10 
0.15 
0.25 
0.40 
40-.65* 
65-1* 
1-1.5* 


1.5-2.5* 


a ee ee ee ee 


2.5-4* 
1-6.5° 


*The smaller (tighter) AQL should be used 
where normal lot sizes are less than 1000 
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What do all these have in common? 


HM) Pressure Vessels and Heat Exchang- 


That's easy! Whether used in the home, 

on the farm, or by industry, they are all 

products manufactured by the A. O. 

Smith Corporation. 

A) The famous Permagilas ‘“‘can't-rust” 
automatic water heater. Maybe you've 
got one in your home! 

B) An A. O. Smith warm air furnace, 

as fired boiler, and gas conversion 
Susnee. One of these may make your 
own home more comfortable. 

€) Welding Machines, Electrodes, and 
Accessories—supplied to industry 


to help make better products for you. 
Safety Grating—gives workmen sure 
footing in any weather—under all 
conditions. 

Liquid Gas Systems—bring city fuel 
advantages to the farm. 

Petroleum Meters and Gasoline 
Pumps. Used everywhere petroleum 
products are transported, measured, 
and dispensed. 

Line Pipe—brings you the advan- 
tages of natural gas at low cost. 





eS 


A0.Smith 


C:'O@ & PD Ro 


ers—‘‘backstage” mainstays of the 
process industries. 

Automobile Frames and Control 
Arms. Chances are your own car 
has them. 

Vertical Turbine Pumps on farms 
lift water needed to grow better 
quality crops for your table. 

A. O. Smith glass-surfaced steel 
Harvestore preserves better silage 
for richer milk, more beef. 

A. O. Smith glass-lined tanks store 
beer at leading breweries every- 
where. 

Electric Motors to power your ap- 
pliances at home, equipment and 
machines where you work. 


. . . 
In one way or another, you'll meet 
these products in your daily life. 


Thanks to the research and engi- 
neering skill of A. O. Smith they 


10 Plants Lecated in New York, New Jorsey, Ohio, 


Wisconsin, Illinois, Texes, and California. make your life more enjoyable. 
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ccurate and forms and classes of internal threads, 
gaging of all in diameters ranging from “xs to 1!» 
in. The indicator tells at a glance 
whether parts are oversize, under- 
size, tapered, or if accumulated lead 
and angle error are within estab- 
lished tolerances, All classes of fit 
American Standard or Unified 
Threads can be checked with a 
simple adjustment of the indicato 
tolerance hands. One thread seg- 
ment is collapsible, permitting fast 
loading. Ball bearing, single slide 
aesign insures accuracy over a long 
service life Easily removable thread 
segments permit interchangeability 
and fast setup. Information may be 
obtained from  Hanson-Whitney 
Company, 169 Bartholomew Ave., 

Hartford 2, Conn 

i oe a 

lope o pre : ty A complete line of optical tooling 
a quick, accurate and lov ana-~ —_— and gaging is being imported by 


lytical comparison che k on pro luc - 





tion gears, The machine is suit 
use by both large and small volur P - 
paren Mr ety sloop ~ensegpte r= It's Dice For The Best 
fied and less expensive meth in Metal Test Instruments 
analysis than that required 
| check with s 
Space and 
machines. T 
chine provides a permanent 
to-read record which 
variations between a Ck . + for 
and the production gear being unscrambling 
checked. This record shor he co metal 
dition of the inspected surli > mucn mixups 
better than is possible witl 
al data alone since it 
the errors originate while figures 
show only the magnitude of errors 
The p incipal feature of the m 


t 


chine is its combination of all essen- 


tial gear checks. A table motion The CYCLOGRAPH (Model C) 


1 
. th ie 
paraiit ne i geal 


’ 


checks the lead. A perpendicular This instrument permits truly high speed, non- 
motion checks involute or tooth pro- destructive sorting of raw, semi-finished or finished 
file, and the in-and-out motion of parts by their metallurgical characteristics. With 
the indicator slide checks the spac- the new Automatic Sorter Unit speeds up to 300 
ing. Complete information on the pieces per minute are possible with the use of suit- 
Analytical Comparator is available able feeding equipment. Used by leading industrial 
on request from Ilinois Tool Works, firms everywhere 

2501 N. Keeler Avenue, Chicago 39 


r J. W. DICE CO. new versey 


. * « 
The Hanson-Whitney Internal Non-destructive Testing and Measuring Instruments 








Thread Comparator, just introduced 
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we literally test 
ears to death! 


What does increased engine horsepower require of 
heavy duty gears? How do increased loads on trans- 
mission. gears affect materials, heat treatments and 
lubricating oils? International Harvester engineers 
find out by testing heavy duty transmission gears 
all the way to destruction! 

The capacity of ordinary gear dynamometers did 
not permit such research. IH metallurgical and design 
engineers, working with equipment manufacturers, 
directed the development of “Fatigue Testing Equip- 
ment.’ This machine, two years in the making, has 
sufficient capacity to test heavy duty gears— under 
simulated field conditions—to death. 


International Harvester continually strives toword improving the 
quality of its products. Above, the control panel of the ‘Fatigue 
Testing Equipment,” developed by IH engineers for testing heavy 
duty gears to destruction, registers the effects of increased loads 


upon these gears 


Controlling quality by destroying gears is part of 
Harvester’s extensive research and testing program 
found in all divisions. We believe that constant, active 
control of quality leads to customer satisfaction 
farmers with Farmall Tractors, housewives with In- 
ternational Harvester refrigerators or freezers, con- 
struction engineers with IH power units, truck-line 
operators with International Trucks, home owners 
with the new Harvester air conditioners 

From heavy duty transmission gears in a tractor to 
the push-button automatic defroster of a refrigerator 

every piece of International Harvester equipment 
is quality controlled to do the best possible job 


INTERNATIONAL | 4 HARVESTER 


The confidence in IH products comes from the quality built into them 
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eaTPIk SCREEN Sale 
’ ae ' La 


Engis Equipment Company, Chi- 
cago. Typical of this equipment is 
the new Matrix Screen Reading Di- 
viding Head. This unit reads di- 
rectly on a shielded screen to 12 
seconds of arc, with convenient es- 
timation to 3 seconds. Operation is 
extremely fast, and head may be 
used for production in grinding and 


milling, as well as for inspection 


* * * 
The new Leitz Micro-Hardness 
Tester has just been placed on the 
market by the George Scherr Com- 


pany, 200 Lafayette Street, New 


York 12, N. Y. It is a_ portable 
bench type instrument combining a 
positive controlled diamond pene- 
trating action with a high power 
microscope of 400 magnifications 
The microscope is swung directly 
over the impression to read the 
hardness by measuring with a reti- 
cule scale and vernier in .V005 milli- 
meter, resulting in hardness read- 
ings of unusual precision in half a 
micron. Instructions and table are 
furnished with the instrument con- 


verting readings into Rockwell and 


|e) 


warmers 
‘<- 


® 


t 


Dad 
” 


other standard hardness scales. 

The instrument is well-suited for 
small or highly finished parts, since 
impressions caused by the diamond 
cannot be seen with the naked eye 
and are so small that even the finest 
finish is not marred by the test 
Coarse impressions such as Brinnel 
ball test may be measured with the 
coordinate measuring stage, such as 
is found on toolmakers’ microscopes, 
thus making the tool more useful fo1 
measuring ot any 


general optical 


kind. 
* * * 

A new Universal I.D.-O.D. gage 
designed especially for gaging shal- 
low bores and shoulder diameters, 
is now being manufactured by Fed- 
eral Products Corporation of Provi- 
dence, R. I. This gage features ad- 


justment to suit diameter require- 





1108 JACKSON ST. 





INLAND AUTOMATIC, INC. 


SUBSIDIARY 


INLAND MANUFACTURING COMPANY 


SOLVE YOUR 
VENDOR QUALITY PROBLEM 


AUTOMATIC SCREW MACHINE 


PARTS 


Precisely to Print 
Delivery On Time 


A QL CERTIFICATION WITH EACH LOT 


2 eee wee ooo orooores 


OMAHA 8&8, NEBR. 


PHONE JACKSON 1108 
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Wheel engineering at its best 


Our industrial world started with the wheel. 


Little known to most people, but highly regarded among 

engineers, the science of wheel engineering has reached its most 

advanced stage of development at Kelsey-Hayes. Here, with a 

background of experience that goes back to the birth of the automobile, 
specialists in wheel engineering design, test and build wheels, 

hubs and drums for almost every kind of vehicle. 


Because this pioneering development work goes on all the time 

most leading manufacturers of modern passenger and commercial vehicles 
look to Kelsey-Hayes for leadership in wheels. 

Kelsey-Hayes Wheel Company, Detroit 32, Michigan. 


ELSEY@HAYE 


World’s Largest Producer of Automotive Wheels 
WHEELS e BRAKES @ HUBS e@ DRUMS e@ AND SPECIAL PARTS FOR ALL INDUSTRY 





which 


can be adjusted for height to locate 


ments and locating buttons 


the measuring contacts at the de- 


sired elevation. It has a tubula 


frame equipped with one or two 
insulated hand grips depending or 
the length of the tube. Measure 
transferred from the meas 
uring contacts to the dial indicato 
through a sensitive pantograph unit 
Gages can be made up trom stoc k 
parts In varying trom six lt 
42 in., in ¢! h increments. Al- 


rough is furnished for 


specific diameter measurement at a 


fic depth. certain adjustments 
tical 


depths up to one 


speci 
re possible Ve ad ustments 
an be mad tor 
nch ar the reference contact can 
be moved along the length of the 
tube t easure smaller diamete 
than spec fied 
a ae 


There is now available a mechan- 


ical tracing accessory for use with 
the Brush Electronics Company 

Surfindicato1 The Motor Drive 
Model BL-114, provides mechanical 
movement of the Surtindicator pick- 
up along a surface being ir spected 
It is designed to extend the useful- 
Surfindicator be- 


yond the range that is practical with 


ness of the basi 


. eve’ 
weowt® 


gqnitiers | 
Ne \ 


ing in power from 3X to 20X. 


hand operation. It has a reciprocat- 


97 


ing stroke adjustable from 27s in. t 


to 
less than 1/16 in. with a stroke speed 


Moto 


recomim nded 


of 's in. per second. The 


Drive is especially 


where highest possible accuracy, 


large quantity inspection of simila 


parts, very fine finishes and very 
small areas are involved. For fur- 
thei: Brush 
Electronics Company, Equipment Di- 
vision SP, 34105 Perkins Avenue 
Cleveland 14,, Ohio 


information, write to 


Central Research Laboratories, 
Inc., Red Wing, Minn.. 
development of the Model 
High X-ray 


tion Powder Camera for 


announce the 
HC-101 
Diffrac- 


gene! al 


Temperature 


purpose investigations of substances 


Folding magnifiers ideal 
for toolbox, bench, pocket 


Highest quality 


lenses, precision ground and 


polished, made by Bausch & Lomb, world leader 
in optical quality and value. Lightweight, ex- 


tremely durable 1, 2 ind 3-lens magnifiers rang- 


These are in the 


complete line of industrial magnifiers stocked by 
your industrial supplier, 


manufactured by Bausch 


_— & Lomb Optical Co., 
50221 Bausch St., Roches- 


Write today 
for tell-all 
handbook and 
catalog 
‘INDUSTRIAL 
MAGNIFIERS 
HOW TO 
CHOOSE AND 
USE THEM 


——--— 





ter 2, New York. 


i BAUSCH & LOMB- 


Industrial Magnifiers 


at controlled elevated temperatures 
up to 1000 degrees centigrade. The 
camera has a movable film carrie: 
that allows five diffraction 
patterus to be made on the same 


7-mm 


film, facilitating the determination of 
phase diagrams and registering com- 
different sub- 


parison patterns ol 


stances at selected temperatures 


oo 
re 


The film carrier may be removed 
from the furnace assembly at any 
stage of the investigation without 
disturbing the thermal environment 


Coiled helix 


furnace heating elements are of plat- 


of the powder sample 


inum-rhodium, supported by two 


concave ceramic bodies separated 
by 3-mm spacing which allows the 
Radi- 


ation and convection losses are min- 


diffraction to pass to the film 


imized and the temperature of the 
specimen can be changed from one 
thermal level to another with equi- 
librium being obtained rapidly. Sev- 
eral accessories for controlling powe) 
input and measuring temperature 
are available 
* . * 

Sigmatic automatic inspection ma- 
chines are high-speed 100° sorting 
machines which can do simultaneous 
inspection of . n dimensions, or less, 
on parts up to 1 x 1 x 2 in. The 
machine illustrated is tooled up to 
inspect accounting machine type fo 
width, straight- 


length, thickness, 


total of six dimensions 
Within 20 min., this tcoling can be 
removed and replaced by other tool- 


ing for inspection of internal or ex- 


ness a 


ternal dimensions of different parts 
During inspection each dimension is 
checked by a Sigma Microlimit gage, 
00005 in., and 
tolerances 


accurate to within 
adjustable for 
Speed, when parts are fed into the 
loaded 
hour, and when 

Inspected 
sorted into 


various 


machine from hand maga- 
zines is 2300 per 
hopper fed, 3600 per hour 
parts are automatically 
oversize, undersize and acceptable 
then dropped into separate drawers 
Built-in 


number of 


f 


at the side of the machine 
tabulate the 
submitted fo 


counters 


parts inspection and 
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that will measure new futures for man 


Truly rision is 


the Du Mont dimensii Phe economical cathode-ray oscillograph, 


mi 


pioneered by Du Mont in 1982. has brought new vision to thousands of projects for 


industry 
technician” 


operation of engines and electronic circuits 


stre 


smallest 


Ts nda \ 


Calk d 7 


things 


\-rav of the engineering 
the 


science and national defense the 


atomue fission internal 


the 


it pictures suc hy cnevisthle 


iis 
inner strength of metals under 


Its oscillations are accurate to hundred-millionths of seconds and reveal 


ss 


! 
variations of materials, time, or motion! 


this Du Mont 


cathode-ray oscillograph is essential to accurate automatic 


MASS produc tion control. It is one of the most highly valued tools of nuclear research, 


Tet 


RESEARCH DIVISION 


CATHODE-RAY 
TUBE DIVISION 


Ie w BX so mans 


NETWORK DIVISION OP <"3 3 


bs 6 


atest soe. ay ‘ 
RECEIVER DIVISION [TT yy | 
,| | 


- . 


COMMUNICATION (mam 
PRODUCTS DIVISION “oN 
7 “ o quip neal =f 


INSTRUMENT DIVISION er 


Visions tomorrow 


GOVERNMENT MANUFACTURING DIVISION 
. eN efe « 


lic ne, 


Now Du Mont is 
Du Mont oscillographs a 


tutes, 


instruments a 


acoustics, metallurgy, chemistry, automotive and aircraft engineering 


‘A AY 
\W It \ / a 
vw iW 


A 
y ANN 


DU MONT CATHODE-RAY OSCILLOGRAPHS bring new insight to the telectronic age 


and 
Like 
television receivers, 
. Du Mont 


today *s 


the world’s foremost manufacturer of catnode-rav ose illographs, 


re the accepted standard of accuraneyv and dependability. 


Du Mont 
transmitting 


re ke signed to lead the 


ua bite vements in other fie lds of tele ctronics .. 
and studio equipment and government projects . 
working now to make 


way. They are 


s re alitic s. 


THE STORY OF TELEVISION”, Allen B. Du Mont Laboratories 
750 Bloomfield Ave. Clifton, N. J 


Ine 


Eve Othees 


VISION IS THE DU Mon DIMENSION 


- * ’ ee en ee on re ty Rip eres pe 
First with the Finest in Television 


cule 


_—_ 





the number accept d 
chines are 
Sigma 
Letchworth, 


Cosa 
Avenue, 


neers to check all compressed gas 


valves and cylinders procured for 


government use, was shown to the 
annual meeting of the Compressed 
Association in New York. The 
used to assure leak- 
proof fits on all NGT (National Gas 
Taper) threads on to cylinde: 


In design they are sim- 


Gas 
new gages are 
valve 
connections 
ilar to conventional rings and plugs 
threads, but have an 


] 
SCaic Ol 


lor tape! 
added 


numerics al 


pipe 
helical ramps, with 
values fo and defi- 
nite reading These 
igned by Myron E. Ste 
vertising manager of the Bastian- 
Blessing C Chicago, 


consulting engineer for the 


eas) 
gages were de- 
zynski, ad- 
and a 
Com- 
pressed Gas Gages are 
manufactured by The Sheffield Cor- 
Dayton 1, Ohio 


ma- * * - 


modany, 
Association 


poration, 
Sigmatic 
manufactured by the A 
Company of 


type of eyeglass loupe 


used interchangeably 


new 
Instrument which may be 
England, 
representative in the U. S. is the 
Corporation, 405 Lexington 
New York 17, N Y 


sales on either metal or plastic spectacle 
frames is being manufactured by the 
Bausch and Lomb Optical Company, 
Rochester, N. Y. Designed for in- 
dustrial use by toolmakers, 
and workers on fine assembly 


well as 


and the 


inspec- 
gage, tors, 
Engi- 


An improved taper thread 
adopted by the U. S. Army 


and wiring operations, as 


watchmakers, the loupe is available 
double lenses 
Single lens models are available 
3X, 3.3X, 4X, 5X and 7X. The 
ble lens model provides magnifica- 
tions of 4X or 7X, depending on 
whether one or both lenses are used 
A two-way 
either a thin metal or a thicker plas- 
bow. Prices are $3.: 
model and $5 


with either single or 


dou- 
clamp accommodates 
tic spectacle 


for the single lens 
for the double lens. 





For STATISTICAL QUALITY CONTROL 


PRECISION 
INTERNAL 


ay Speer RC 
COMTORPLUG 
Here 


precision that has found a 


COMPARATOR 


in a compact, self-contained unit you have 


prominent place in the j 
program, the automatic transmission program and 
Used 


assuring 
Comtor Co., 


gine 
other bench, Comtorplug has 
Statistical Quality 


Mass 


fast moving set-ups machine o1 


“atures accuracy. Ideal for 


80 Farwell St.. Waltham 54 


self-aligning fe 
Control programs 


Write for “Bulletin 48” 


COMTORPLUG 


For gaging high- 
precision holes 
to fractions of 
-0001" 


With Interchange- 
able Expansion 
Plugs from se" 

te 8” dia. 


“Packaged 
Precision” 


COMTOR COMPANY 
REPRESENTATIVES 


BARWOOD G COMPANY 
3137 North 15th Street 
Philadelphia 32, Pa 


DOLPH BOETTLER COMPANY 
6625 Delmar Bivd 
St. Louis 5, Missouri 


CERALD B. DUFF G COMPANY 
68 Clinton Avenue 
Newark 5, New Jersey 
“QUIE A. GAIN 
1544 Spruce Strect 
Berkeley, California 
F. D. HUNTINGTON CO 
9101 East Jefferson Ave 
Detroit 14, Mich 


WALTER R. OLT 
306 Abingdon Road 
Dayton 9, Ohio 
HAROLD E. SUNDBERG 
Ellicott Square 
Buffalo 3, New York 
CONANT BROACH COMPANY 
347 West 107th Street 
Chicago 28, Illinois 
GERHART M. COOKE 
4760 East Olympic Bivd 
Los Angeles 22, California 
L. D. SUPPLY COMPANY 
436 Maple Street 
Wichita, Kansas 
M. L. LEVIS 
FAIRVIEW PARK 
4594 West 214th Street 
Cleveland 26, Ohio 
PROCTOR G MARTIN CO., INC 
297 Franklin Street 
Boston, Mass 
SEVERANCE TOOLS OF CANADA, LTD 
1232 Eglinton Avenue West 
Toronto, Ontario 
Canada 
ENGINEERING SALES COMPANY 
112 Portwood Street 
Houston, Texas 
and 
1905 S. Harwood 
Dallas, Texas 
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New way 
to roll out 
the barrels 


When the hammer hits the 
barrel, the bung pops out, 
and fine, well-aged whiskey 
pours forth. [t fills the air 
with rich aroma as it flows 
to a giant tank for blending 
and bottling. 

The action takes only a 
momeat. But itis a moment 
that Schenley has planned 
thoughtfully, over a long, 
long time. 

lt started years ago, on 
the dav the barrel was filled. 
The whiskey was put to the 
most rigid tests, then set 
aside for slow aging. The 
Vears passed. Then recently ° 
this barrel was one of the 
many selected for final 
screening and processing. 
Samples of the fully aged 
whiskey were drawn, ana- 
Ivzed and taste-tested. Then 
this barrel of whiskey was 
earmarked for bottling. 

Yesterday, samples were 
drawn and = tested again. 
Today, with final approval 
given. the barrel rolled under 
the bung hammer. 

This long-term screening 
and testing is part of the 
network of quality controls 
which guards Schenley whis- 
hies. Guards their goodness 
from the time the grain is 
grown till the whiskey is in 
vour glass . . . and brings 
vou the utmost enjoyment 
inevery drop of every drink. 
Schenleyv Distillers, Inc.. New 
York, N. Y. ©1953 


SCHENLEY 








Nature's Schenley’s The best-tasting 
unhurried goodness unmatched skill whiskies in ages 
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JOSEPH MOVSHIN, Editor 
Assisted by the Editorial Committee, St. Louis Section, ASQC 


ANALYSIS OF VARIANCE 


FACTORIAL DESIGN IN THE 


STUDY OF CHEMICAL RFEAC- 
TIONS, Herbert Grohskopf, Ar 

erican Cyanamid Co., New Y« 
N. Y 

(Ind. and Eng. Chem y. 45, n. 3 
June 1953, p. 1260) 


Yi- 


Discusses general principles of 
the application of factorial design 
and analysi of variance to pilot 
plant scale studies Exan ples are 
given illustrating the analysis of a 
three-factor experiment each at 
two levels. Discussion and exam- 
ples limited to Model I experi- 
ments 

Describes organization of tacto- 
rial experiments including balanc- 
ing and replication of factors and 
randomization of variables inci- 
dent to the design. This is fol- 
lowed by an e€Xé mple which de- 
scribes the process, measurements, 
and design as well as discussion of 
the significant factors and inter- 
actions and their meaning. De- 
tails and given of the variance an- 
alysis including source and pool- 
ing of error estimates, tests of 
significance and interpretation of 
confidence limits 


APPLICATION—CHEMICAL 

INDUSTRY 
FILTERABILITY OF CELLU- 
LOSE ACETATE SOLUTIONS 
Lionel A. Cox, American Viscose 
Corp. Marcus Hook, Pa. and Wil- 
liam K. Mohney. American Vis- 
cose Corp., Meadville, Pa 
(Ind. and Eng. Chem 
Aug. 1953, p. 1798.) 

Precision of the filtration meth- 
od is established by calculation of 
standard deviations of filtration 
constants over selected ranges ol 


filtration pressures 


APPLICATION—METAL- 
LURGICAL INDUSTRY 
STATISTICAL QUALITY CON- 
TROL IN SMALL-LOT HEAVY 
MANUFACTURING, Leo W 
Bosch, Imperial Works, United 
States Steel Corporation 


110 


(Factory \ ,n. 11, Nov. 1953 
p. 98) 

This article discusses the appli- 
cation of statistical quality control 


at the Imperial Works of the 


United States Steel Corp 

This article points out the nec- 
essity of developing specific ap- 
proaches for the particular prob- 
lems of a given operation. The 
solution of this problem and the 
advantages gained in this one 
company are discussed 
STATISTICAL QUALITY CON- 
TROL, A. J. Kukla, Chemical 
Laboratory Supervisor, Buffalo 
Works, Aluminum Co. of America 
(Foundry—v. 81, n. 12, Dec. 1953, 
p. 120) 

This article deals with applica- 
tion of statistical quality control 
to a magnesium sand foundry. The 
program consists largely of using 
X and R charts to publicize scrap 
and promote friendly rivalry be- 
tween shifts and between individ- 
uals. In this industry, the vari- 
ability in individuals is often more 
important than the variability in 
machines 


APPLICATION—METAL 


WORKING 
STATISTICAL QUALITY CON- 
TROL IMPROVES EFFICIENCY 
OF CHROMIUM PLATING OP- 
ERATION, Frank L. Bonem, In- 
ternational ‘Harvester Co., Evans- 
ville, Ind 
(Products Finishing—v. 17, n. 11 
Aug. 1953, p. 24) 

Illustrates uses of statistical 
methods in contro! of plating of 
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parts used for agricultural imple- 
ments. Details of the process and 
examples of control charts given 
The pinpointing of reject causes 


is stressed 


APPLICATION— 

MISCELLANEOUS 
SOME APPLICATIONS OF STA- 
TISTICAL QUALITY CONTROL 
IN THE PAPER BOXBOARD IN- 
DUSTRY, Brainard E Sooy, Chief 
of Quality Control, Gardne: 
Board & Carton Co 
(Paper Trade Journal—v. 136, n 
26, June 26, 1953, p. 20) 

Mi Sooy describes many ol the 
general considerations and some 
of the specific details of applying 
statistical quality control at the 
Gardner Board and Carton Co 
In introducing this paper, Mr 
Sooy points out the necessity for 


each industry developing its own 
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A Bibliography 
of 
Statistical 
Quality Control 
SUPPLEMENT 


By Grant lL. BUTTERBALGH 


e 725 items 
@ Subject and author index 


Evaluations 


Indispensable to libraries. 
industrial quality control 
departments. engineers, 


statisticians. and educators 


114 pages $2.00 


University of Washington Press 


Seattle 5 
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WARNER GEAR DIVISION of Borg- 


Warner Corporation produces the finest 
quality transmissions in the automotive 

industry with the direct aid of Statistical 
Quality Control. Through the use of these 


aids, we have maintained the reputation for 


quality and precision built in more than 
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52 years. 
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WARNER GEAR 


Paeba bane? 


AUTOMATIC TORQUE CONVERTER TRANS- 
MISSIONS © OVERDRIVES © SYNCHRO- 


NIZED CAR AND TRUCK TRANSMISSIONS une i Ce, , nm d i ana 





n. 3, Mar. 1954, p. 66) 

This article describes the basic 
concept of the average and range 
chart and its application. Numer- 
see 7 ; ous diagrams illustrate the dis- 
CONTROL CHARTS tribution concept upon which the 

PROCESS ANALYSIS BY CON- average and range chart is based. 

TROL CHARTS, Martin H. Saltz The relationship between proc- 

Quality Control Engineer, Hughes esses, tolerances and print spec- 

Aircraft Co., Culver City, Calif ifications is also discussed and 

(The Tool Engineer—v. XXXII, 


YOU CAN'T 


applications from basic funda- 
mentals. The success of statistical 
quality control at the Gardner Co 
is indicated. 


illustrated 


Hour after hour of high capacity baling is the key to New Holland’s popularity among farmers 
who bale hay. This Model 66 Boler is designed porticularly for the fomily-size farm. Top per- 
formance in a boler is especially important because the quolity of the hay drops steadily after 
the right time for harvesting 


No matter what the reason, if a farmer loses his crop—it's lost. And both hay and 
silage made from today's grass crops are more important than ever with the switch to 
grassland farming. 

Home-grown forages like hay and silage are helping farmers cut their feeding costs. 
And if they lose their crop because they can’t get it harvested in time, it means an 
extra burden on their feed money. 

New Holland, through its quality control program, builds machinery a farmer can 
depend on in the crucial times in his harvesting season. A p'oneer in automatic balers, 
New Holland believes quality control plays a big part in backing up its slogan of 
“First in Grassland Farming”. 

New Holland Machine Company, a subsidiary of The Sperry Corporation, New 
Holland, Pennsylvania. 


New HoLtltaANnpD 


“FIRST IN GRASSLAND FARMING” 


ENGINEERING AND 


EXPERIMENTS 


ANALYSIS AND CORRELA- 
TION OF TEST DATA, Irving W. 
Burr, Professor of Mathematics, 
Purdue University. 

(Metal Progress, v. 64, n. 4, Oct. 
1953, p. 112) 

In this article, Mr. Burr discusses 
in some detail the theory and ap- 
plication of statistical methods to 
the broad problems of analysis of 
basic test data. Concepts of ran- 
dom sampling, frequency distribu- 
tions, population versus sample, 
and effective sample size are dis- 
cussed. Specific techniques of 
analysis include analysis of vari- 
ance and the correlation scatter 
diagram. The selection of sampling 
plans is also outlined. This article 
is highlighted by questions asked 
by the audience when the paper 
was first presented as part of an 
educational series. These questions 
and answers tend to supplement 
the paper and point out details of 
application. 


TEN PRACTICAL USES OF 
STATISTICAL QUALITY CON- 
TROL IN METALLURGICAL 
PLANTS, John W. Hood, Head, 
Quality Standards Department, 
Metallurgical Division, Aluminum 
Co. of America. 

(Metal Progress—v. 64, n. 5, Nov. 
1953, p. 82) 

Mr. Hood describes uses of sta- 
tistical quality control at Alumi- 
num Company of America’s oper- 
ations. These include: 

I Quality Assurance 

II Operator Interest 

III Basis for Decisions 

IV Incentive to Earn Low 
Inspection Costs 

V Customer Quality 
Standards 

VI Compliance with Gov- 
ernment Inspection 
Standards 
Establishing Tolerance 
—Machines and Meth- 
ods 
Control of Laboratory 
Methods 
Planning Technical Ex- 
periments 


Aid in Labor Relations 


SOME APPLICATIONS OF STA- 
TISTICAL ANALYSIS IN THE 
STEEL INDUSTRY, J. W. W. 
Sullivan, Metallurgical Engineer, 
American Iron and Steel Institute. 
(Metal Progress—v. 64, Dec. 1953, 
p. 91) 
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all the others are measured |» | “S by this one 


Inside and outside the zip- 
per business, there's one 
unchanging standard of 
perfection recognized by 
everybody. And that’s the 
Talon zipper . . . designed 
and engineered to a qual- 
ity so high that any zipper’s 
worth can only be deter- 
mined by comparison with 


this one 


THE QUALITY ZIPPER 


N CANADA 


LIGHTNING FASTENER CO... LTD 


ee ee ly 





This article discusses the appli 
cation of statistical analysis to 
variability in the steel industry 
A detailed discussion « hree ap- MANAGEMENT AND 
trol PERSONNEL, GENERAL 


plications includes cor 


for coating on galvanized wire EYE CAMERA SHOWS HOW TO 
the testing of rust preventive o IMPROVE INSPECTION TECH- 
and the determination of harden- NIQUES, (Factory—v. 111, n. 12, 
ability band Dex 1953 p 88) 

(The three articl nit toot An interesting study of the usé 
Nove n be and Decer b ' vietal ol the Eve camera On a problem 


> a SS ‘ iro! ‘ . 7 
Progr i F ff visual inspection. Not statisti- 


of discussior _— ae _ cal g iality control 
series was repo i 


“nee aly gen cay REDUCED INSPECTION 








QUALITY CONTROL DEMONSTRATORS 


Demonstrate the Fundamentals of Quality Control 
Without the Use of Mathematics 


Show the efliciency of 
100%, inspection with 
this motorized demonstra 
lor defective balls let 
tered K-H-s-\ }000) 
7/16" diameter plastic 
balls furnished complete 
with carrving case 14” x 


13” x 11-110 volt ae. 


the eflectiven 
Roo o control charts witl 
this portable quincunx quality 
ontrol eh art demonstrator 
made of aluminum finished iy 
gold and black weight 11 Ibs 
ri’ x 14% x 1” 
































Other le monstrators assem 
hly tolerance sampling ele 


, , 
he mace tf voturme wal 


R. F. COOK MANUFACTURING CO. 
2732 Second Street 
Cuyahoga Falls, Ohio 








PROVES QUALITY, G. H. Prud- 
den 

(American Machinist, v. 97, n. 26 
Dec. 7, 1953, p. 125) 

Savings gained by putting pro- 
duction departments on their met- 
tle for quality Not statistical 
quality control 


MISCELLANEOUS 


ORDNANCE RELIABILITY 
THROUGH QUALITY CON- 
TROL, Major General Leslie E 
Simon, Assistant Chief of Ord- 
nance, Washington, D. C 
(Ordnance—v. 38, July-August 
1953, p. 56) 

The parallel growth of statisti- 
cal quality control and of the com- 
plexity of military equipment are 
compared. Although it was not 
until the Korean War that qual- 
ity control was extended success- 
fully to a whole ammunition sys- 
tem. Ordnance is now embarked 
on the far more complex task of 
applying this scientific discipline 
to improving the reliability of 
complex systems like guided mis- 
siles 

An organization that has been 
set up to correlate this activity is 
described. The plans depend on 
team work between Ordnance and 
science and industry 
QUALITY CONTROL AND IN- 
SPECTION, W. L. Young. Timken 
Roller Bearing Co 
(Instruments—v. 26, Dec. 1953, p 
1884) 

Article describes methods of 
manufacturing and _ controlling 
quality of roller bearings. Lists 
sequence of operations and loca- 
tion of inspection to insure con- 
trol. Cites improvement in rejects 
and quality due to program. Not 
statistical quality control 


SAMPLING PLANS AND 


RELATED TOPICS 
NOMOGRAPH FOR EVALUAT- 
ING THE SIGNIFICANCE OF 
SOME TEST RESULTS, Chou 
Hsiung Li, RCA, Harrison, N. J 
(A.S.T.M., Bulletin—n. 194, Dec 
1953, p. 74) 

Article gives nomograph foi 
quickly evaluating the significance 
of differences of number of de- 
fectives found in samples of eqi 
size. Statistical background and 
examples of use detailed 


APPROXIMATING THE MODE 
FROM WEIGHTED SAMPLE 
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Back of Each of 50,000 Items Sold by DON 
is an Institution of Service 

and a Guarantee of Satisfaction! 
ttt ttt TT rae 


s" 
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a OP ad Hoe 


Everything You Need... 
When You Need It! 
EQUIPMENT, FURNISHINGS & SUPPLIES 


Whether it be a carton of toothpicks or a battery of kitchen ranges 

a case of toilet tissue or a dish washer, no matter what you buy here, 
it is guaranteed! Back of our written guarantee on EVERY ITEM is 
the name and reputation of DON. And in addition to QUALITY, 
VALUE, CHOICE and positive SATISFACTION, you get the service 
you're entitled to! Each order is shipped quickly—wswall the ver) 
same day it is received! 

A few of the 50,000 items sold by DON and listed below may suggest 


something you need NOW! 


Reminder CHECK LIST: 


Coflee Urns 

Springs and Mattresses 

Silverware 

Trays and Covers 

Towels (Paper-Cloth) 

Electric Vegetable 
Peele rs 

Floor Matting 

Sinks (Stainless Steel 
—CGalvanized) 

Double Boilers 

Chinaware 

Tables and Chairs 

Floor Maintenance 
Machines 

Ovens (Gas-Electric) 

Towel Dispensers 

Ash Trays and Stands 

Mixers (All Kinds) 

Polishes and Cleaners 

Bar Stools 

Menu Covers 

Pots and Pans 

Lamps 


Bed Linens 

Dish Washers 

French Fry Cutters 

Utility Carts 

Cutlery 

Deodorizers 

Guest Room Furniture 

Toasters 

Spreads and Blankets 

Water Pitchers 

Mops and Brushes 

Ice Chippers 

Plastic Tableware 

Roll and Food 
Warmers 

Water Coolers 

Bar Supplies 

Steam Tables 

Soaps and Detergents 

Table Linens and 
Napkins 

Can Openers 

Vacuum Cleaners 

Uniforms 


Hospital Supplies 

Butter Cutters 

Electric Clocks 

Ranges and Broilers 

Glassware 

Paper Cupsand Straws 

Curtains 

Coffee Makers 

Sanitation Supplies 

Toilet Tissue 

Juicers 

Disinfectants and 
Germicides 

Sand Urns 

Garbage and Storage 
Cans 

Food Grinders and 
Slicers 

Soda Fountain 
Supplies 

Floor Coverings 

Novelties—Party 
Supplies 


SELF MEMO 


(Write down what else you need) 


EpbwarD DON a2 company 


Views of the DON perma- 
nent Exhibition Hall. You're 
always welcome. 


1400 N. Miami Ave. 
Miami 32 


27 N. Second St 
Minneapolis 1 


2201 S. LaSalle St 
ile \cleome Tr. 





VALUES, Howard L. Jones, Illi- 
nois Bell Telephone Company 
Chicago, II] 

(Journ. Am. Stat. Ass« v. 48, 
Mar. 1953 p. 113) 

The weighted mean of rrdered 
sample observations can be used 
to approximate the mode unde 
favorable conditions, where the 
weights a ‘rmined from the 
first two terms in a Taylor expan- 

ym of the maximum likelihood 


sample is selected from a t-dis- 
tribution with known kurtosis. 


DESIGNING SINGLE-SAM- 
PLING INSPECTION PLANS 
WHEN THE SAMPLE SIZE IS 
FIXED, Abraham Golub, Ballistic 
Research Laboratories, Aberdeen 
Proving Ground) 
(Journ. Am. Stat. Assoc.—v. 48, 
June 1953, p. 278) 

A simple technique is developed 
for determining “best”  single- 


the sample size is fixed. Two cases 
are considered: (1) single-sam- 
pling plans for placing a lot into 
one of two categories and (2) sin- 
gle-sampling plans for placing a 
lot into one of three categories 
For case (1), the “best” plans are 
based upon a criterion of minimiz- 
ing the sums of the producer's and 
consumer's risks. A similar cri- 
terion is employed as basis for 
choosing “best” plans for case (2) 
The more general result for m 


estimate Such weights are shown 
in Table 1 for the case where the 


WIRE end 
CABLE 


~« BETTER 


sampling inspection plans when categories is given also. Tables 1 
through 8 are presented to enable 
the user to choose the appropriate 


sampling plans 


CONFIDENCE INTERVALS 
FOR THE NUMBER SHOWING 
A CERTAIN CHARACTERISTIC 
IN A POPULATION WHEN 
SAMPLING IS WITHOUT RE- 
PLACEMENT, Leo Katz, Michi- 
gan State College, Lansing, Mich 
(Journ. Am. Stat. Assoc.—vy. 48, 
June 1953, p. 256) 

In a number of different sam- 
pling situations, we encounter a 
problem which may be stated as 
follows: From a population of N 
objects, each of which possesses or 
does not possess a certain charac- 
teristic, we select without replace- 
ment a random sample of n ob- 
jects. Observing that m of these 


by Quality Control 


possess the characteristic in ques- 
tion, we wish to estimate the total 
number M having the property 
In this paper, the problem is con- 


| sidered and two approximate 


There are just 3 reasons why more and more people 
specify Rockbestos Wire and Cable every day: 
. methods are given for construc- 


Each Rockbestos item is designed to give maximum safety tion of these confidence intervals 


and service on the job. THE UP-AND-DOWN METHOD 
WITH SMALL SAMPLES, K. A 
Brownlee, J. L. Hodges, Jr. and 
Murray Rosenblatt, University of 
Chicago 
(Journ. of the Am. Stat. Assoc 
v. 48, June 1953, p 262) 

The up-and-down method fo: 
estimating the 50-percent re- 
sponse point of quantal data was 


Each is skillfully made to these specifications with the 


right materials... 


And held to closer quality tolerances than ever before by 
Statistical Quality Control. At Rockbestos, the exact, 
unerring yardstick of statistics gages every step of 
manufacture from incoming raw materials to the outgoing 


finished product. 
originally devised for testing the 


sensitivity of explosives. The main 
content of this paper is a report on 
computations made to determine 


The result a better wire or cable . . . every inch just as 
you specify ... yet sold at a competitive price. 

the actual performance of some 
estimates for the mean dosage 
parameter based on up-and-down 


FOR PERFECTLY UNIFORM PEAK PERFORMANCE USE 


ROCKBESTOS wire & casBle 


ROCKBESTOS PRODUCTS CORP. 
NEW HAVEN 4, CONN. the originators of A.V.C.® 


New York * Cleveland * Detroit * Chicago * Pittsburgh * St. Lovis 
New Orleans * Los Angeles * Seattle * Oakland, Colif. 


series of length ten or less. 


THEORY AND APPLICATION— 
GENERAL 

QUALITY CONTROL 

THROUGH STATISTICAL 

oa METHODS V CONTROL 
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HOW STATISTICAL QUALITY 
CONTROL METHODS ASSIST 
IN GIVING LADISH 


2 dled Yualily 


FITTINGS AND FORGINGS 
INCREASED RELIABILITY 


Illustrated at left are typical inspection and production 
operations in the Ladish plant which have been made 
more efficient by the application of statistical quality 


control. 


This statistical method of quality control is incorporated 
into the Ladish Controlled Quality program wherever it 
demonstrates an ability to maintain existing standards 
effectively or indicates an opportunity of raising the 
over-all quality of operations to higher planes. It func- 
tions as one of the vital tools which build maximum 


reliability and dependable performance into every Ladish 
Controlled Quality fitting and forging. 


WELDLESs 
ROLLED Rings 
UP To 
44,00 

# Las FORCED any 
SEAMLESS 
WELDIng 
FiTTimes 


LADISH CO. 


CUDAHY, WISCONSIN 
led by statistical methods result in 
m physical dimensions (MILWAUKEE SUBURB) 


control 
forr 
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CHARTS, Norbert Lloy d Enrick 
(Modern Textiles—v. 35, n. 2, Feb 
1954, p. 35) 

Control charts are described and 
explained in some detail. The use 
of the average chart, average and 
range chart, and process average, 
is explained and illustrated. In- 
teresting illustrations of problems 
in the textile industry and hints 
for the use of these methods are 
given. 

(Parts I through IV are reported 
in previous bibliography sections.) 


STATISTICS 


FITTING OF THE POSITIVE 
BINOMIAL DISTRIBUTION 
WHEN BOTH PARAMETERS 
ARE ESTIMATED FROM THE 


FOR FAST, ACCURATE Is 24 SAMPLE, F. E. Binet 


(Annals of Eugenics—v. 18, Sept 


INSPECTIONS i: 4 1953, p. 117) 
NOTE ON DODGE'S CONTINU- 
OUS INSPECTION PLAN, G. J 


Small Hole Gauge tt Lieberman 
(Annals of Math. Stat 24, 
No. 36 Sept. 1953, p 180). o 


SOME TESTS BASED ON OR- 
DERED OBSERVATIONS FROM 
TWO EXPONENTIAL POPULA- 
Skilled and unskilled employees can use this TIONS, B. Epstein and C. K. Tsao 


superbly designed two-point contact gauge to make (Annals of Math. Stat—vy. 24, 


qui k, accurate, imperson al inspections of small holes for Sept. 1953, p. 458) 


size, taper and roundness. oo vere : si 

ON THE POWER OF A ONE- 

The Ames No. 36 has extremely sensitive mechanism SIDED TEST OF FIT FOR CON- 

especially designed to eliminate "feel" in measuring. The TINUOUS PROBABILITY 
spherical contact point automatically centers itself FUNCTIONS, Z. W. Birnbaum 

and indicates the true diameter at the point measured. (Annals of Math. Stat—v. 24, 

The operator has only to slide the contact in and Sept. 1953, p. 484) 
around the hole and note the readings to determine 


if tolerances are being met. QUALITY * QUANTITY IN- 


, ‘ TERACTION, A. A. Rayner 
The Ames Small Hole Gauge No. 36, using | (Biometrics—v. 9, Sept. 1953, p 
contacts in increments of 1/32”, can check holes 387) 





“ 


of 316" to 1” diameter, up to 2“ depth. Longer 

lengths and special contacts to check irregular ON SOME PROCEDURES FOR 
THE REJECTION OF SUSPECT- 
ED DATA, E. P. King 
(Journ. Am. Stat. Assoc.—v. 48, 
n. 263, Sept. 1953, p. 531) 


recesses, splines, etc., can be supplied. 


DISTRIBUTION OF THE PROD- 
UCT OF RANGES IN SAMPLES 
FROM A RECTANGULAR POP- 
ULATION, P. R. Rider 

(Journ. Am. Stat. Assoc.—v. 48 


Sams I. 208 Sept. 1953, p. 546) 


Dial Micrometer 


fi CONFIDENCE AND _ TOLER- 
If you u ould like to have our 4 ANCE INTERVALS FOR THE 
recommendations on your measure- aa ao San r a > 
ment problem, send blueprints and NORMAL DISTRIBUTION, F 
specifications. Write for your free Proschan 
copy of catalog on Ames precision (Journ. Am. Stat. Assoc.—v. 48, 
measuring instruments. Sept. 1953 p. 550) 
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BUFFALO Leon Bass, General Electric Co., ad- 


dressed the Mar. 29 meeting of this sec- 
tion on the subject “Statistics in Electronics.” 


BUZZARDS BAY Two color-sound films on pro- 
duction methods and quality con- 
trol techniques were shown at the Mar. 11 meeting of 
the Buzzards Bay section. The films were made by the 
Acushnet Process Co. and the Revere Copper and Brass 
Co. in New Bedford 
The section is sponsoring two consecutive courses on 
quality control which began Mar. 18. Each course con- 
sists of five weekly sessions of two hours each; the first 
is devoted to control charts, and the second to accept- 
ance sampling. The instructor is Paul Krensky, as- 
sistant chief QC engineer, Gillette Safety Razor Co., 
Boston 


CHICAGO The final meeting of the Chicago section 
was held on Mar. 24 at the Furniture 
Mart on the ever important subject “Quality Control 
Training.” The meeting consisted of a panel of three 
experienced SQC’rs: Henry Becker, Robert Lace, and 
Richard Ede with moderator Dr. Marge Sutherland 
The meeting was conducted as a question and answer 
session with each of the panelists expressing his opin- 
ion on each question. Just before dinner, Nicholas 
Relich gave a talk on “SQC Concepts in Layman’s 
Language.” The entire session was a fitting climax for 
the vear’s excellent program. 


CLEVELAND On Apr. 2 the Cleveland section held 
its regular monthly meeting at the 
Cleveland Engineering Society Building. E. L. Fay, 
Deere and Company, spoke on the topic “How Quality 
Control Helps Supervision.” Many people in super- 
visory positions attended this discussion. In addition 
Miss Bertha Wellman, Industrial Editor of the Cleveland 
Press attended the meeting as a guest of the section 

On Mar. 15 there was an Executive Committee meet- 
ing of the Cleveland section during which plans were 
prepared for the filming of our recent successful tele- 
vision presentation on quality control. 

It was further agreed to present a spring educational 
program in the form of a six weeks’ short course. These 
sessions were started on Apr. 21 and are being con- 
ducted by Dr. Fred Leone of Case Institute of Tech- 


nology 


DALLAS-FT. WORTH At the March meeting of this 


section E. L. Fay, Deere & 

Company, spoke on the subject “Using the Tools of 
Quality Control.” 

On Apr. 8 Capt. B. L. Lubelsky, USN, commander of 


MAY, 1954 


ews 


McAlester Ordnance Depot, spoke on the subject “Ap- 
plication of Machine Control Chart Theories.” 


DAYTON J. M. 


spoke at the Apr. 7 meeting of this section 
on the subject “What Is the Quality Control Job?” 


DELAWARE At the April meeting, Jim Mitchell, 


superintendent of development and 


Juran, management onsultant, 


control, Tennessee Eastman Co., discussed the prime 
importance of accuracy and precision in chemical analy- 
ses in the chemical industry in his talk “Control of the 
Accuracy and Precision of Industrial Tests and Analy- 


ses 


ERIE On Mar. 3 Prof. Ralph Swalm of tne Smith 

College of Engineering at Syracuse Univer- 
sity introduced us to “Ratio Delay Techniques.” In 
spite of the worst blizzard of the season our members 
from 40-mile-distant Meadville and Corry, Pa. were 
out in full strength 


INDIANAPOLIS 


Members of the Indianapolis 
section spent a very Instruc- 
tive and pleasant evening on Mar. 16 when E. E 
Schiesel, Mattatuck Mfg. Co., gave his talk on “Quality 
Control Techniques in Tooling and Methods Improve- 
ment.” The talk gave a different approach on quality 
control techniques to the members of the section 

At the 4:30 session C. R. Hicks, assistant professor of 
mathematics, Purdue University, gave a chalk talk en- 
titled “Some Quick and Dirty Statistical Methods.” 


INDIANAPOLIS The first regularly scheduled 
Lafayette Subsection meeting of the newly formed 

Lafayette subsection was held 
on Mar. 26, at Purdue University. R. S. Saddoris, A. O 
Smith Corp., gave a very interesting talk to the 119 
people who were in attendance for the meeting. We 
feel that this very rousing attendance for the initial 
meeting of the new subsection is a good omen. 


LINCOLN On Friday, Apr. 9 in the Zephyr Room of 
the Capitol Hotel the members of the 
Lincoln section heard Herschel R. Harrison discuss the 
various applications of quality control at Collins Radio 
Co 
LOS ANGELES On Mar. 2 Car! Boswell 
San Bernardino Subsection gave an interesting and 
informative talk on 

“How to Sell Quality Control.” He pointed out the new 
approaches and new techniques, such as “Work Sam- 
pling” and “Ratio Delay,” that are now gaining the ear 
of management 

Paul F. Paskert, Hughes Aircraft, spoke on “Realistic 
Tolerances Through Quality Control” at the Apr. 1 
meeting 

The subsection voted unanimously to separate from 
the Los Angeles section and to seek full section status 
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as of July 1. Advanced dues for 1954-55 covering ap- 
proximately 35 members will be forwarded with the 
request. The new section will be known as the San 


Bern ardir Oo section 


MICHIGAN On the night of Mar. 19, in spite of the 

adverse weather conditions, a good 
turnout of “Michigan Faithfuls” journeyed to Ann Ar- 
bor, to hear Dorian Shainin, Rath & Strong, Inc., pre- 
sent his very interesting paper on “Determining Practi- 
al Tolerances The advance publicity appealing to 
engineers brought forth many guests who were thor- 
oughly enlightened by Dorian’s explanation of why 


two and two do not always make four.” 


MINNESOTA Lev Harrington, King-Seeley Corp., 

was the featured speaker at the Mai 
2 meeting and his address, “Sequential Analysis” at- 
tracted a crowd of 50. Mr. Harrington covered some of 
the applications of this technique to inspection at King- 
Seeley as well as some important work in statistical 


determination of tolerances 


MUNCIE Apr. 6 saw this section engage in a special 
project which was one of the highlights 

of this years activities Individual members of the 
Northeastern Indiana and Indianapolis sections, to- 
gether with members of the Muncie Foreman’s Club 
were invited to join us in hearing Dr. J. M. Juran dis- 
iss What Is the Quality Control Job?” We were 

happy to be able to present Dr. Juran with such a fine 


HATHAWAY 


turnout, and happy to present such a large audience 
with such a fine speaker 


NEW HAVEN On Mar. 11, we were fortunate in 

having as our guest speaker, Wil- 
liam A. MacCrehan, Bendix Radio. Mr. MacCrehan’s 
topic “The Tower of Babble” was well presented and 
thoroughly enjoyed by the good attendance. Anothe1 
feature of the evening was a one act play by Leonard 
Seder, presented by the “Thespians” of the local section 


NORTHEASTERN INDIANA Capt. Henry Simon, 

Headquarters AMC 
Wright-Patterson AFB, delivered a film-illustrated talk 
on Mar. 11 to the Northeastern Indiana section. Sub- 
ject of Capt. Simon’s presentation was “A Compre- 
hensive View of Air Force Quality Control.” Capt 
Simon outlined briefly the history of the Air Fores 
quality control development and in particular the post 
war II development. He discussed at length what the 
quality control program means to the Air Force and 
what is expected of it. The meeting was followed by an 


informal social get-together 


PHILADELPHIA Our March 


Thursday the 18th, presented C 
A. Bicking, Army Ordnance Research and Development 
Division. Mr. Bicking discussed the “Technical Aspects 
of Quality Control.” 
Don Best, our Problem Clinics Chairman, lead the 
clinic sessions, which are now being held at 6:30 p.m 
instead of 4:30 p.m., as in the past 


...through quality control, 


The maintenance of the very highest standards of 
quality control has enabled Hathaway to bring to its 
customers every desirable feature needed in a curtain 
fabric. That is why Hathaway is truly a perfectly 
Balanced Nylon marquisette. 


From the very moment the bright Du Pont nylon yarn 
enters the mill... through twisting, conditioning, 
warping, winding, slashing, weaving, inspection ill 
operations are « arried out under the most modern 
quality-control methods. This kind of quality control all 
along the production line, makes Hathaway Balanced 
Nylon an outstanding example of manufacturing skill 


and precision for product perfection. 


HATHAWAY MANUFACTURING CO. 


New Bedford, Massachusetts 
LEADING WEAVERS OF FINE FABRICS SINCE 1888 


INDUSTRIAL QUALITY CONTROL 





At the regular meeting on Apr. 1, the 
nomination for 1954-55 officers was held, 
a slate of officers suggested by the nominating commit- 
tee being accepted. A letter ballot will go out to the 


RACINE 


membership 

A. E. Jakel presented a short but very informative 
talk “Object of Process Quality Control” further il- 
lustrated by two films on quality control and acceptance 


sampling 


RHODE ISLAND Paul C. Clifford, New Jersey 

State Teachers College, high- 
lighted the Mar. 18 meeting with a discussion of “Some 
Basic Concepts of Quality Control.” 


ST. LOUIS Our March meeting was naturally the 
largest one attended so far this year 
Approximately 80 persons, or about one-half of our 
membership, attended the plant tour of Cook’s Imperial 
American Champagnes and Wines. After a most en- 
lightening discourse, as we traveled through the cellars 
and hallways, we were brought back to the reception 
room where champagne truly flowed 


SEATTLE On Mar. 9 E. T. Dalton, Pictsweet Foods, 

spoke on “Quality Control in Processing 
Frozen Fruits and Vegetables.” Mr. Dalton showed 
how a modern quality control program using statistical 
methods can efficiently develop information on processes 
and products and how such increased operational 
knowledge can contribute to improved economy and 


product quality. Attention was called to the frozen 


food processors’ particular problems in the practice of 
quality control principles 

The Second Pacific Northwest Quality Control Con- 
ference, presented by this section and the University 
of Washington, was held at the Universi’. campus on 
Apr. 2 and 3. The Conference Committee, with Dr. G. I 
Butterbaugh as coordinator, assemb‘ed an excellent 
program studded with outstanding quality control 
leaders and featured as speaker at the iuncheon Miner 
Baker of the Seattle First National Bank. The confer- 
ence was well attended by enthusiasts from many busi- 


nesses of manufacture and service 


SOUTHERN J. Philip Worth, Electrolux Corp., 
CONNECTICUT Old Greenwich, Conn., gave an 

interesting discussion—“Who Con- 
trols the Vendor's Quality,” at the Mar. 10 meeting in 
the Stratfield Hotel, Bridgeport 


TENNESSEE This section is pleased to announce 
that its members in the Memphis area 
have recently organized the Memphis subsection, the 
first subsection to be recognized by the Tennessee sec- 
tion 
The section is also pleased to report that the mem- 
bership in the Chattanooga area is currently going 
through the throes of organization and it is expected 
that recognition will soon be granted to this subsection 


TENNESSEE 
Memphis Subsection 


Wendell H. Abbott, General 
Electric Co., Cleveland, spoke 
at the February meeting on 








More and Finer Products at LOWER UNIT COSTS! 


HOW TO INSTITUTE QUALITY CONTROL 
AS AN OPERATING PROCEDURE —using 


R. G. Bock P. Q. Scopes with the 
Quality Index of Standard Conformity. 


A completely NEW Outline of Practice available to Quality Control 


and Operating Executives upon request. . . address 
R. G. Bock Engineers 


Industrial Management Consultants 


1937 Irving Park Road, Chicago 13, Illinois 


(Our organization also renders a consulting Service to Industry in instituting Statistical Methods of Quolity Control.) 
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Statistical Application Everyday Manufacturing 


Problems 


WESTERN ‘h at Y meeting was at- 
MASSACHUSETTS é d by 24 members and 54 

¢ vho heard Adan 
Abruzzi, Stevens Institute of Technology, speak on 
Quality in Wort Measurement Mr Ab u 1 directé i 


; f 


a good pat if his talk to the many time study and 


methods Oo} mat were our guests. His emphasis 

that time study problems should be approached 

ame manner that proble ms are ap- 

statistical quality control. His 

study should be made on a 

random basi time and individual study 

The plar to that of “Ratio Delay 
Studies.” 


WICHITA Tl ‘ar 1954 was ushered in with a 
most interesting meeting and dinner for 

the Wichita section. E!Charro Dining Room was the 
setting for 84 members and guests. After dinner, pro- 
vg! } irm say } duced the speaker of the 
evening, Cay fade S. Quick, Jr.. Headquarters AMC 
Wright-Patterson AFB. Captain Quick’s subject was 
‘Consumer-Vendor Relationships and Air Force Qual- 
ity Control Policy.” Captain Quick covered his subject 
completely and in a most enjoyable manner. His han- 
dling of such timely topics as MIL-Q-5923B, GFE, Ai: 
Force future concepts of contracts, and communications 
problems was lengthy, but always sparkling with humor 
nd sincerity 
The Feb 
Grill with 2 ers and guests in attendance 
Section chairman Forrest Calhoun introduced the 
featured speaker of the evening J. Y. McClure. of Con- 
solidated Vultee Aircraft. Mr. McClure’s address was 
divided into two parts, his main topic covering “Quality 
Control and Cost Reduction in the Airframe Industry.” 
Mr. McClure made a few introductory remarks, then 


running 


neeting was held at “Uydroy's 


p esented a commentary o a series of slide 


pictures illustrating the organization. operation and re- 


sults ol their qualit: conti y] proe an es designed to 


{¥ 


increase efficiency, improve quality and reduce pro- 


duction costs. The second por of Mr. McClures 


talk consisted of a twelve-point report from the Novem- 
ber meeting of the Society's Board of Directors in 
Providence 

One hundred and three members and guests met at 
Lydroy’s Gill for the Mar. 2 dinner-meeting. In the 
absence rT the chairman, Ralph Humphries presided 
and introduced Mrs. Vida Grace Hildyard secretary 
who made announcements relative to the ASQC dance 
and the 
Ninth Midwest Conference. Mr. Humphries introduced 
the program chairman, Bob Layton, who presented the 
“MIL-STD-105A 
Defects, and Sampling Procedures.” 


eligibility for professional senior member grade 


subject for pan discussion as 
Classification of 
Mr. Layton made several comments regarding the topi 
for discussion and then introduced the panel—Modera- 
tor M. W. Compton, USAF, Wichita Regional Office 
Max Eaton, Beech Aircraft Corp.; E. E. Rippey, Cessna 
Aircraft Co.; and R. E. Layton, O. A. Sutton Cerny. The 
panel had received several written questions ad- 
vance that provoked lively discussion by the panel 
Questions from the floor were numerous and were 
handled by the moderator and panel with dispatch and 
a knowledge of statistical quality control that made this 


meeting a highlight of the yea 


UNIVERSITY OF Dale L ! United 
WESTERN ONTARIO Air Lines, gave a very in- 
teresting talk on “Some 

New Applications of QC” at the Mar. 12 dinner meet- 
ing held in the William Pitt Hotel in Chatham. J. B 
Bassett conducted the afternoon educational session 
using “The Use of the Frequency Histogram as a QC 
Tool” as his theme 

A joint meeting with the Toronto Section was held 
on Mar. 17 in the cafeteria at Chockshutt Farm Equip- 
ment, Ltd., Brantford, Ont. A panel was made up of 
D. A. Irwin, Canadian Arsenals, Ltd., R. J. D. Gillies 
Case Institute of Technology, A. P. Deacon. Cockshutt 
Farm Equipment, Ltd., R. W. Glenfield, Dominion Tire 
Company. D. J. Malott. Essex Wire Corp.. Ltd. with 
Prof. Brant Bonner, University of Wests 
moderator. were present to swer th 
tions presented 


At long last on M il 
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ANUFACTURING WOMPANY 


WATERBURY 20, CONNECTICUT 
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the London area met at the Town and Country Club, 
St. Thomas, Ont., for a dinner meeting and conducted 
tour through the plant of the Timken Roller Bearing Co 





“,.. CAST THEIR SHADOWS BEFORE” 











Since the Mar. 5 meeting of Cleveland 
section was snowed out, the section 


CLEVELAND 


has re-scheduled this meeting for May 21. Guy G. 
Parkin, Minnesota Mining and Manufacturing Co., will 
present a talk on the subject which he originally 
planned, “Significance Tests Applied to Industrial 


Processing.” 


DALLAS-FT. WORTH The final meeting of this 


section on June 10 will be 
a dinner meeting and installation of officers. Guest 
speaker will be A. C. Esenwein, vice-president and 
division manager of Convair, who will talk on the sub- 
ject “Quality Control as a Tool of Management.” The 
local chapter of the Society for the Advancement of 
Management has been invited to participate in this 
meeting which will be held at Ft. Worth International 
Airport 
DAYTON The Miami Hotel will be the scene of this 
section’s annual dinner meeting on May 
19 with A. L. Davis, president of ASQC, speaking on 
“Looking Ahead with ASQC.’ 


ERIE On May 25 (moved ahead from May 18) a 
large group is planning’to make the 100-mile 
trek to the Lighting Institute at/General Electric’s Nela 
Park in Cleveland. This meeting rings down the cur- 
tain on Erie’s year except for the Convention 
And now, everyone join in a chorus of “Meet me in 
St. Looie Looie!” 


LOS ANGELES L. W. Ball, US Naval Test Station, 

will speak on research and de- 
velopment problems at the May 19 meeting at the 
Rodger Young Auditorium. At the clinic session How- 
ard Hart, Convair, will conduct a discussion on “Prac- 
tical Installation of a Quality Control Program in a 
Large Industrial Plant.” 

On Friday and Saturday, June 18 and 19 this section 
will hold a two-day joint meeting with the local chap- 
ters of Biometrics and the Institute of Mathematical 
Statistics. The meeting will be held at California In- 
stitute of Technology, Pasadena, with the program on 
quality control being presented on Saturday afternoon 
Among others the program will feature the papers on 
“Discovery Sampling” by James R. Crawford and 
“Continuous Variables Sampling Plan” by Harry G 


Romig 


LOS ANGELES “Quality 
San Bernardino Subsection Shops and _ Vendors” 

will be the subject pre- 
sented at the June 3 meeting of this group which will 


Rating of 


LIVES depend on quality control 


MAY, 1954 


I. pharmaceuticals, as in nothing else, too 

much of a good thing—or too little—can be 
disastrous. With few exceptions, a drug's potential 
for good is directly matched by its potential for 


harm in the event of misuse or error. 


I. the manufacture of antibiotics and specialized 
pharmaceuticals, Bristol Laboratories enforces a rigid 
system of checks and counter-checks at every step—from 
the receiving platform to the shipping roora—to assure 
unvarying consonance of composition with label 
specifications on each of its many products. There can be 
no compromise—a human life may depend on it 


Producers of antibiotics and 
pharmaceutical specialties for the 


medical and allied professions. 





be held in Upland. Arrangements for the speaker have 
not been completed yet 
MUNCIE An increasingly important phase of pres- 
ent quality control programs will be dis- 
cussed by Robert M. Currie, Ford Motor Co., when he 
addresses this section May 28 on “Quality Level Cer- 
tification.” The meeting will be held in the Pine Shelf 
Room of the Pittenger Student Center at 7:30 and will 
be preceded by a dinner meeting starting an hour 


SPEAKER 
Ford Motor 


Convair 


earlier 

PHILADELPHIA Our May meeting, the final one 
until the fall season, will be in the 

form of a visit to the Piasecki Helicopter Corp. on Fri- 

day, May 21. A dinner will be held following the tour 

and Comdr. Eric A. Lohmann, Bureau of Aeronautics 

representative, will speak to the group at the dinner 


management consultant 


Rox hester 


Deere & Co 
n 
urrie 


Juran 


M 


Robert M 


meeting 
RHODE ISLAND On May 20, Neil B. McLaren, 
Brown and Sharpe Mfg. Co., will 
discuss “A Practical Approach to Statistical Quality 
Control.” The meeting will be held at the Engineering 
Society Building in Providence 
ST. LOUIS On May 21 the last regular meeting of 
the year will be held. This will be a so- 
cial evening and the installation of the new officers 
for next year 
WORCESTER J. M. Juran, management consultant 
is scheduled to talk to the Worceste1 
section on May 20. The meeting will be a dinner meet- 
ing and will take place in the Common’s Room at 
Worcester Polytechnic Institute at 6:00 p.m 


“FOR MANY ARE CALLED 
BUT FEW .ARE ...” 
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Installation of Officers 
Panel Discussion 

Dinner and Social Evening 


Annual Out 


Qc 


"Indicates Meeting Dates 


DELAWARE At the meeting on Apr. 1, were an- 


nounced the results of the election of 
officers for the 1954-55 season. Chairman: Robert D 
Fleck. Continental-Diamond Fibre Co., Newark—Vice 
Chairman: Robert G. Mitchell, International Latex Co 
Dover—Treasurer: Edmund L. Niedzielski, E. I. DuPont 
de Nemours & Co., Deepwater, N. J.—Secretary: Wil- 
liam J. Chelgren, E. I. duPont de Nemours & Co., Wil- 
mington. 


Bldg 


Inst 


ERIE Next years crop of officers in Erie have been 

determined by a recent election. Chairman 
will be Dick Herrick, Erie Resistor; vice chairman Paul 
Hill, Erie Resistor; and secretary Dorothy Kriechbaum, 
General Electric. 


LOS ANGELES Officers for the San 
San Bernardino Subsection Bernardino subsection 

for 1954-55 were elect- 
ed as follows: chairman, Howard Hart, Convair; vice 
chairman, Eldon Jory, Norton AFB; treasurer, Allan 
L. Thompson, Hunter-Douglas; secretary, Gene A. Wil- 
liams, Kaiser Steel 


ST. LOUIS The new officers of the St. Louis section 
who will be installed at the May 21 
meeting are: president, Rudolph Freedman, Alco Valve 
Co.; vice president, Waldo A. Vezeau, St. Louis Uni- 
versity; secretary, Milton R. Weiss, Alco Valve Co.; 
treasurer, William Von Meyer, Barry Wehmiller 


Inst 
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Veterans Memorial Park 
Eng. Society Building 
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University of Buffalo 
Pittenger Student Center 
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Capitol Hotel 
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TENNESSEE The officers of the newly- 
Memphis Subsection formed Memphis subsection 

are: chairman, Edward P. Mc- 
Mahon; secretary, William Heiskel, Firestone Tire & 
Rubber Co.; and treasurer, R. L. Coe 





“AS YESOW...” 





Arrangements are rapidly 
nearing completion for the 
First Annual Western Re- 
gional Conference in San Diego, on Aug. 9 and 10. 
Headquarters for the conference, which is being pre- 
sented in conjunction with the Aircraft Technical Com- 
mittee, will be in the U. S. Grant Hotel. An agenda is 
being set-up which will provide the delegates to the 
conference with a very interesting technical program, 
combined with several highlights of entertainment 

Theme of the conference is “Investment Dividends 
from Modern Quality Control Methods.” Arrangements 
are being made to include in the program speakers who 
will present factual evidence of “dividends” realized, on 
which may be expected to be realized through specific, 
modern quality control methods 

Among the speakers already obtained for the con- 
ference are Mayor John D. Butler, of the City of San 
Diego, Gen. J. T. McNarney, president of Consolidated 
Vultee Aircraft Corp., J. V. Naish, executive vice presi- 
dent of Consolidated Vultee Aircraft Corp., Dale F 
Lobsinger, superintendent of management controls, 
United Air Lines, Prof. George J. Lieberman, Applied 
Mathematics and Statistics Laboratory, Stanford Uni- 
versity and D. A. Hill, director of quality control, 
Hughes Aircraft Corp. Other speakers will include 
leaders in industry, management and government 

In addition, plant tours are being planned for the 
delegates who desire to extend their stay in San Diego 
through Aug. 11 

A ladies program has been organized which will in- 
clude shopping tours, a harbor excursion, floral demon- 
strations, and a trip to old Mexico 

A visit to picturesque San Diego is a thrilling experi- 
ence not soon to be forgotten. San Diego’s famous zoo 
and the Cabrillo National Park (most frequently visited 
of any of the U. S. National Parks) are close at hand 
Nearby Mexico, colorful and reminiscent of Old World 


WESTERN REGIONAL 
CONFERENCE 


Spain, with its added lure of jai alai, bull fights and 
other sports are some of the highlights available 

Naturally, San Diego’s ever-present perfect weatner 
may induce many visiturs to its numerous beaches or 
back country. Tours or outings may be arranged to 
suit the convenience oi those in attendance 





SIGNIFICANT DIFFERENCES 








The Indianapolis section inaugurated its own Mem- 
bership Award competition commencing with the 
March meeting. The membership was randomly di- 
vided into a Blue and Red team. Team points will be 
awarded on attendance at the monthly meetings, ob- 
taining guests for meetings, and sponsoring of new So- 
ciety members. The prizes, which are six pairs of 
grandstand tickets for the 1954 Indianapolis 500 Mile 
Race, will be awarded at our May 18 meeting. Mem- 
bers of the winning team will have four opportunities 
of winning pairs of tickets and two will be drawn from 
the losers. Attendence at our Mar. 16 meeting was in- 
creased appreciably as a result of this action 


John D. Hinchen, treasurer of Western Massachu- 
setts Section, has introduced a gimmick to encourage 
more members to attend the dinners. The trick—sea- 
sonal dinner passes which results in a $2.00 saving to 
the member if he attends the dinner before each meet- 
ing. As a further encouragement, the passes are trans- 
ferable 


G. E. Fisher who is vice-chairman of the Eighth 
National Convention and field engineer for Bell Tele- 
phone Laboratories has been called back to the home 
office in New York. St. Louis also lost during the year 
another work-horse in John S. Randall who was called 
to the home office of Chevrolet in Detroit to assist in 
the setting up a quality control department for the 
Chevrolet Division of General Motors. Both Gene 
Fisher and John Randall are past chairmen of the St 
Louis section and have always given unlimited effort 
to the section. 





Forthcoming Courses in Statistical Quality Control 


PURDUE UNIVERSITY 


— eighth annual advanced 
course in “Quality Control by 
Statistical Methods” will be held 
June 14-22. This course is intended R. Hicks 
for those who have already had an 
elementary course and who wish to 


Burr and will 


go on to more advanced techniques 


The topics will include signifi- 
cance tests and estimation, accept- 


tial analysis, linear and multiple 


correlation, analysis of variance, with the Milwaukee section of 
ASQC, a short course on “Introduc- 
tion of Quality Control by Statistical 


tolerances of mating parts, and the 
chi-square test. This course is un- 


MAY, 1954 


der the direction of Prof. Irving W. 
include on the in- 

Profs. Mason E The course wi'l be under the 
Olds, Llo: d A 


structional staff 
Wescott, Edwin G 
Knowler, Cecil C. Craig and Charles 


Further information on the course 
may be obtained from Prof. Burr at 
Purdue University, Lafayette, Ind 


MARQUETTE UNIVERSITY 
ance sampling by variables, sequen- fps Marquette Management Cen- 
ter is presenting, 


Methods,” June 14-25, 1954 at the 
Marquette Management Center. 


supervision of Dr. M. E. Mundel, 
associate director of the Manage- 
ment Center and it will be taught by 
a group of three instructors: Gayle 
McElrath, of the University of Min- 
nesota, Harmon S. Bayer, quality 
control consultant from Detroit, 
Mich. and Joseph Movshin, produc- 
tion quality manager of the Mansey 
Corp., St. Louis. Guest speakers for 
the course will be R. S. Saddoris, 
and L. S. Eichelberger, A. O. Smith 
Corp.; I. W. Schoeninger, Globe 


in connection 
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Union; A. E. Jakel; H. Gulde, Min- 
neapolis-Honeywell; and Prof. J 
MacKenzie, Minne- 


sota 


University of 


The program is designed for those 


in industry who desire a_ basi 
course in statistical quality control 
The program will be directed at a 
realistic approach through the pres- 
entation of the practical basic con- 
cepts together with integrated and 


specialized workshop Sessions to 


enrollee of adequate 
The aim will be to pre- 
pare each enrollee to organize, ad- 
SQC tech- 


niques in his own work situation 


insure each 


instruction 
minister, and to apply 
Enrollment will be limited to ap- 


The cost of 


this course will be $100 (housing at 


proximately 60 persons 


the enrollee’s expense). For further 
Manage- 
Business 


information contact the 
ment Center, College of 
Administration, Marquette Univer- 
sity, Milwaukee 3, Wis 


UNIVERSITY OF MICHIGAN 


— University of 
seventh 


Michigan has 
scheduled the annual 
presentation of its ten-day intensive 
course in statistical quality control 
for Aug. 16-26, 1954, on the campus 


in Ann Arbor. This is a first course 


U.S. 


role t=} ae b aepe! 


for executives and supervisory per- 
sonnel; it is practical and mathemat- 
ically non-technical 
standard control charts and sam- 
pling acceptance plans together with 
other basic techniques 

lectures, 


Instruction includes 


demonstrations, practice sessions, 


and conferences. The same experi- 
enced staff will be in charge of the 
course. The fee will be $100 
Please address inquiries to the 
course director, Prof. C. C. Craig, 
106 Rackham Building, Ann Arbor, 
Michigan 
FIFTH “HORSE'S MOUTE” 
COURSE 
4'OR the past four years, the New 
England sections of ASQC and the 
University of Connecticut have pr« 
sented a Statistical Quality Control 
Institute which is now well known 


This 


unique in is presentation 


as the “Horse’s Mouth” course 
course 1S 
in that 

mentary or advanced 


is basic, rather than ele- 
It is a survey 
of the available techniques and thei: 
applications in industry. It is not a 
classroom presentation with an aca- 
demic approach, but rather a dy- 
namic exchange of ideas with some 
of the 
control field 


leading men in the quality 


CAST IRON PIPE AND FITTINGS 
SPECIAL CASTINGS 


CENTRIFUGAL OR STATIC 


SLOIL 


SPECIALISTS IN 
FOUNDRY IRON 
SINCE 1882 


LADLE- MIXED FOR 
= 


PIG IRON + COKE 
COAL CHEMICALS + PAINT 
AMMONIUM SULFATE 
ROCK WOOL INSULATION 


It includes the 


The concepts emphasized in the 
Institute deal with the basic appli- 
cations of statistical quality control 
in inspection, production, engineer- 
ing and purchasing. This allows the 
registrant a broad look at the entire 
quality control picture as it exists 
today, and a look into the 
The numbe: 


future of 
this evergrowing field 
of registrants is limited to 60 in or- 
der that individual attention can be 
given to the problems brought in by 
the registrants 

Staff will again consist of nation- 
ally known people in the quality 
control field. Material will include 
detailed descriptions of the most re- 
developed tech- 
niques such as binomial probability 


cently practical 


paper, lot plot, continuous lot plot, 
and reset-run cards 
Registration fee is $160 pe: 
son and includes room, board, and 
A get- 
acquainted party opens the Institute 


per- 


text and ciass materials 
Sunday evening, Sept. 12th, and cer- 
tificates are awarded Friday noon, 
Sept. 24th 

For further information or regis- 
tration, write to R. M Story, Jr., 
Coordinator, SQC Institute, Box 
U-41, University of Connecticut, 
Storrs, Conn 


RUTGERS UNIVERSITY 
\" eight-day, Advanced Cours« 
LA in Quality Control by Statistical 
Methods will be offered by Rutgers 
University at Newark, New Jersey. 
Sept. 8-12, 1954. This will be an in- 


tensive eight 
consecutive days (Sunday excluded) 


course running tor 
instead of one day a week for 10 
weeks as has been the practice in 
the Rutgers Basic Conference Series 

The course is designed to provide 
additional instruction for persons 
who have had a basic 
dustrial experience in the SQC field 
It will include advanced topics in 
SQC such as sampling by variables, 
sequential analysis (both attributes 


course and in- 


and measurements), narrow-limit 


gaging, 
tolerance combinations, simpie and 


significance of differences, 
multiple regression and correlation, 
chi-square, basic experimental de- 
sign, analysis of variance, and the 
organization and management of a 
quality control program 

Tuition is $150, 
text and instructional material. Fo: 
additional information write to Prof 
Ellis R. Ott or Mason E. Wescott, 
University College, Rutgers Univer- 
sity, New Brunswick, New Jersey. 


which includes 
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Bausch & Lomb 
re sane des’ Ge BENCH COMPARATOR 


A in Quality Control by Fy 
Statistical Methods will. be offered For Only $765 e 
by the State University of lowa at 
Iowa City, Oct. 19-29, 1954. This will 
be an introductory course which will 
follow the same general pattern of 
previous basic courses 

Instruction will be by lecture 
demonstration, laboratory work, and 
evening question and problem dis- 
cussion sessions, with the emphasis 
on practical interpretation through- 
out 

The tuition of $100 per person in- 
cludes all necessary instructional 
materials Room accommodations 
will be available at the Jefferson 
Hotel in Iowa City Make room 
reservations directly with the hotel 

Further inquiries concerning this 
course should be addressed to Pro- 


fessor Llovd A. Knowler. Chairman, 


De jartment ot Mathematics, The ; SS 
State Universitv of Iowa. Iowa City — P ONLY 
9TH SQC COURSE FOR THE STANDARD UNIT 
CHEMICAL INDUSTRIES with the EASE, SPEED 
nis Neg | and ECONOMY of 
elig “day intensive raining ; 
oe UNDER-STAGE 


course in quality control for the 


chemical industries will be offered ILLUMINATION 
by the Rochester Institute of Tech- 
nology at Rochester, N. Y., Oct. 12- 
20, 1954 In contrast to courses 


which usually emphasize mechanical 


and metal cutting operations, the NOW! LOW COST, FAST OPTICAL INSPECTION! 


content of this program is devoted 


Here's how you save every way with this new Bausch & Lomb Bench Com- 


exclusively to the control problems 
parator. Save inspection costs—expensive holding fixtures no longer 


of the chemical and allied process 
needed for most work. Save inspection time—no complicated set-up. 


Simply lay most kinds of work on table . . . see accurately magnified sil- 
houette at eye level on 10° screen—biggest screen, with biggest field, in 
this low price range. Makes accurate inspection so easy that a new operator 


industries 

The course is particularly de- 
signed for those responsible for con- 
trolling product either in the ana- 


; can quickly keep pace with capacity production. Often reduces many com- 
lytical laboratory or directly in the ; 


plicated measurements into one easy, fast 
visual check. Save by nipping costly produc- 
tion errors in the bud. And of course you save 
on purchase price-—a workable unit for only 
$765. Put this new, dependable B&L Bench 
Comparator to work on your production. 


manufacturing process. Emphasis 
will be placed on the practical ap- 
plication of quality control in these 
areas. Instruction will cover basic 
statistical control and sampling 
methods as well as many of the ad- 


vanced ee as eye , 4 SOLD AND DISTRIBUTED EXCLUSIVELY 
experiments, correlation, and analy- a BY THE DoALL COMPANY 


sis of variance. Companies engaged 
‘ I Make fast, accurate measure For full information, call your local DoALL 


ments with the easily at- Sales-Service Store, or write: The DoALL Com- 
" ing if Ss ) ‘ < , 
uw those having a continuous 01 tached micrometer stage pany, 254 N. Laurel, Des Plaines, Illinois. 

lot type of production process (Optional at small extra cost.) 


batch-lot ts . 
to 0.0001 
will find the program cf particula eads to 0 


in research and development work, 


value 
The tuition of $100 per person in- 
cludes books and supplies. Room 





accommodations will be available at 


* 
the Hotel Rocheste: Further in- . ally 
quiries should be iddressed to the 
course coordinator, Robert D. Pease, 


Evening Division, Rochester Insti- 


tute of Technology, Rochester, N. Y ' tig, % T ® U nah & os T y 


MAY, 1954 127 











VISIT BAUSCH & LOMB BOOTHS 50-51 
ASQC Convention — St. Louis, June 9-10-11 
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HEADS 


...only ONE body 


Dial a Gages | 
for vu Rit ap | 
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Federal Products Corporation 


Hathaway Manufacturing Co. 
Hunter Spring Company 


Inland Automatic Company 
International Business Machines 
International Harvester 


Johns-Manville Corporation 
Jones & Lamson Machine Co 


Kelsey-Hayes Wheel Company 
Kimberly-Clark Corporation 


Ladish Company 
Lamson & Sessions Company 
Lukens Steel Corporation 


Mattatuck Manufacturing Corp 


New Departure Division GMC 
New Holland Machine Company 
Nilsson Gage Company, Inc. 
Norton Company 


Ohio Rubber Company 
Oldsmobile Division GMC 
Optical Gaging Products 
Owens-Illinois Glass Company 


INTERCHANGEABLE 


Measuring Heads 
No need to ¢ 


gages for each spe 


rder expensive new 
ial internal 
t One RIMAT 
f an y nu mber of 
jar rd gage heads 
é ‘of stan jard heads 
dle in stock for 
“O" R ng 
p Ring grooves, special 
grooves, internal splines, counter- 
res and straight bores 
Heads may be interchanged 
in seconds. Tell us about your 


special gaging requirement !! 


small, 


{ large 


Write for FREE Rimat Catalog today 


TOOL COMPANY 


DEPT. 
PASADENA 2, 


1C-2 @ 21 DAYTON ST. 
CALIFORNIA 


to Quality Control 


OBC 
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Pratt & Whitney 


Republic Steel Corporation 
Rimat Tool Company 
Rockbestos Products Corp. 


Schenley Industries 
Sheffield Corporation 

A. O. Smith Corporation 
Standard Gage Company 

L. S. Starrett Company 

P. A. Sturtevant Company 
Sylvania Electric Products 
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Taft Peirce Mfg. Co. 
Talon, Inc. 
Tractor & Implement Div.. 


Ford Motor Co. 


United Air Lines 
U. S. Pipe and Foundry Co. 
Univ. of Washington Press 


Warner Gear Div., 

Borg-Warner Corp. 
Western Electric Company 
Willys Motors, Inc. 


_Atmerican 


? 
Saad y _ = 


EXECUTIVE COMMITTEE 
MEETING 
The Operating and Executive 
Committees of the Society met Feb 
16 and 17, 1954. The Rochester 
tion played host, the two meetings 
being held during and following its 
Tenth Annual Clinic —the all-day 
series of sessions that have become 


a tradition in the 


sec=- 


area 


Approved, subject to compliance 
with some last-minute technical de- 
was the admission of the 76th 
Society. 


tails, 
section to the 
76 Albuquerque (NM) 

Aldis S. Hayes 
Chairman: Arvin F. Cone 
J. M. Gustafson 
Daniel D. Sheldon 


Chairman: 
Vice 
Secretary 


Treasurer: 
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Membership is fast approaching 
the 8,000 mark. This year’s total is 
now the highest in the Society’s 
history 


Renew ng New 
Members Members Total 
1954 5611 2160 7771 


1953 1466 2287 6753 
Both sets of figures are as of Feb. 28 


In preparation for the first Presi- 
dential Award for Section Manage- 
ment, the design of a plaque and a 
banner for the winning section were 
approved. The presentation will be 
made at the Eighth Annual Conven- 

St. Louis 


This year it has been the policy 
the Operating Committee at 
meetings to hear and discuss in pe! 
son, a report from a chairman of a 
Society committee. At this meeting 
Frank Caplan reviewed the work of 
his Publicity Committee. At previ- 
ous meetings Harmon Baye! re- 
ported on his Membership Commit- 
tee and Leonard Seder on his Pro- 
gram and Speakers Committee. The 
exchange of information has been 
most valuable 


The Technical Divisions of the 
Society, it has been reported, are 
setting up editorial boards to pre- 
view papers in their area for sub- 
mission to the Society Editorial 
Board for possible publication in 
IQC. Also a five-point proposal to 
help finance division activities was 


approved 


It is planned, in St. Louis in June 
to set up subcommittees of the new 
Technical Committee on the subject 
of business operations.’ It is ex- 
pected that this group will be known 
as the “Administrative Applications 
Committee,” according to a report 
by Dale L. Lobsinger. Five papers 
at the Convention will be on aspects 
of this work 


The Executive Committee ap- 
proved the recommendation of the 
Committee to Study Society Dues 
Structure that Fellow grade dues 
be the same as Senior grade dues 
A constitutional amendment, to be 
voted on by the Society's members 
is now being prepared 


Society aid was approved for a 
joint regional and aircraft technical 


committee conference The first 
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Announcing the 


NATIONAL ASSOCIATION 


lo better aid every industry in Quality Promotion, the National “UL” Associa 
tion provides a complete and comprehensive service that will assure Cost Re 


ductions while boosting Emplovee Morale 


Quality is the most basic need in American industry. A Quality worker 
is a safe worker. a clean worker, a steady and efficient worker. But 
Quality is not achieved by the slip of a slide rule nor by brief and tem 
porary promotions. We must build the attitudes that will turn employee 


aptitudes into more and better work per man hour 


The National “U’ 


fully with our program. A practical and profitable service—-a modest invest 


\ssociation welcomes the opportunity to acquaint you 


ment in the building of men who can turn machines to better use. Our tested 


and successful service provides 


|. Consistent. direct contact with each employee. Better communications 
of plant plans in the language which enlists employee enthusiasm for 


Quality workmanship 


Constant. helpful training for supervisory leaders. Better leadership 
toward coordinating every department into a vigerous and vital team 


for Quality. 


Personal follow-up and follow-through. A complete service that in- 
cludes consultation and evaluation leading to a concerted drive on all 


plant problems 


Learn the facts about America’s newest and most exciting service for Quality 
Work successfully with our Visual Aids—the eye plus the ear—not to teach 
nor preach but te REACH into the hearts of leaders and workers alike and 


to come up with a positive program for Quality from the bottom up 


Write for Full Details 


NATIONAL [LJ] ASSOCIATION 


29 WORTHINGTON STREET SPRINGFIELD, MASS. 


with Offices in Detroit, Mich.; Maytown, Pa.; Stoney Creek, Ont 


Creators of BI-NAMICS in Communications with Employees 


PROMOTION LITERATURE and POSTERS - CONTESTS 
SOUND SLIDE FILMS - FLIP CHARTS - SKITS 








conference of the Western Region 
is planned for Aug. 9 and 10, 1954, in 
San Diego, Calif. Its theme is “In- 
vestment Dividends from Modern 
Quality Control Methods 


COMMITTEE CHANGES 
William E. Spencer has been ap- 
pointed to the Film Library Com- 


mittee 


William P 
pointed to the Constitution and By- 
laws Committee to replace John H 


Howell 


Schwage was ap- 


resigned 


W Edwards 
pointed to the Standards Committee 
to replace A. E. R. Westman, re- 


signed 


Deming was ap- 


FELLOWS 


On the recommendation of the 
Examining Committee, the follow- 
ing members have been elected to 


Fellow Grade 


Rudolph Freedman 
Alco Valve Company 
St. Louis, Mo 
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Miriam S. Harold 
Te lephone Laboratories 


Murray Hill, N. J 


Joseph Movshin 

U.S. Air Force 

St. Louis, Mo 

H. G. Thompson 
Murray Ohio Mfg. Co 

Cleveland, Ohio 

Mary N. Torrey 


Bell Telephone Laboratories 


New York, N. Y 





POSITIONS AVAILABLE 


Address all replies to bor number references 
to: American Society for Quality Control 
Room 5736, 70 East 45th Street, New York 
a. © 





QUALITY CONTROL 


Excellent opportunity as Quality Con- 
trol Supervisor for medium sized glass 
container plant in West Virginia. Ce- 
ramic graduate or engineering back- 
ground preferred, but experience in 
quality control or packing room may 
qualify. Immediate employment. Re- 
ly to Box 10N2 at the above address. 





POSITIONS WANTED 


Address all replies to box number references 
to: American Society for Quality Control 
Room 5736, 70 East 45th Street, New York 
17, N.Y 





QUALITY CONTROL ENGINEER 

Age 32; 6 years experience in statistical 
engineering, organization and super- 
vision of QC programs. Have strong 
background in mathematical and math- 
statistical methods: probability and sta- 
tistical theory, design of experiments, 
matrix methods, operations research, 
punch card methods, linear program- 
ming, etc. Have passed qualifying ex- 
amination for D. Eng. degree in statis- 
tical methodology and quality control 
Please reply to Box 10F1 at the above 


address 


STATISTICIAN qualified to provide 
technical statistical services in planning 
experimental work and in the analysis 
of results aimed at laboratory control, 
process control, and product improve- 
ment. Varied experience in laboratory 
and plant test work in materials fields, 
as metallurgical, chemical, and rubber 
Has planned interlaboratory proprems 
aimed at establishing standards. Has 
assisted in writing statistical aspects of 
contracts for purchase of bulk mate- 
rials. Experience in training engineers 
on the job in the use of statistical! tech- 
niques. B.A. in mathematics and phys- 
ics. Grad. training in mathematics and 
statistics. Please reply to Box 10F2 at 
the above address 


CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society 


Management Controls 


POUNDED IN 1945 
References and Literature on Request 


699 Rose Ave. 
Des PLAINES, ILL. 
Vanderbilt 4-6533 





Senior Partner: 
W. E. JONES 
Fellow, ASQC 








Consulting Services in Quality Control 


RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge Telephone 
Chappequa, New York Chappequa 1-0715 








HARMON S. BAYER & ASSOCIATES 
Quality Control Consultant 
Announce the association of 

ARCHIE R. JACKSON 
Fellow, ASOC 
1154 Book Building 
Detroit 26, Michigan 
WOodward 5-0202 


Harmon S. Bayer 
Semior Member, ASQC 








QC Planning Defect Prevention 


LEONARD A. SEDER 
FELLOW, ASQC 
267 HAWTHORNE ST. 


MALDEN, MASS. 
MAlden 4-5446 


Organizing for Quality Training 








Mechanical - Management - Electronic 
Process - Design - Quality Control 
Investigations - Appraisals - Reports 


JOHN |. THOMPSON & COMPANY 
ENGINEERS 


921 17th St. NW, Washington 6, D.C 
O. F. Keeler, Jr., Vice-President 
Senior Member, ASQC 
Laboratory Division: Bellefonte, Pa. 








Statistical Methods Inspection Surveys 


BERNARD HECHT 
Quality Control Specialist 
Serving Industry on East and West Coast Areas 
Senior Founding Member ASQC 
Eastern Office 


? ©. Box 258 
Little Siiwer, Mw. J 


Western Office 
5410 Wilshire Bivd 
Los Angeles 36, Calif 








It Pays to Purchase 
Quality-Controlled Products 
from IQC Advertisers 
When Replying to Ads 
Please Mention IQC 
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1 MODELS 


3 SCREEN SIZES 7s 3) 


Bench Type 
Bench Type 5%" x 784" Screen 
Pedestal Type 14” Diam. Screen 3 Models 
14” Diam. Screen 4 Models 


Unsurpassed Inspection Versatility 


JONES & LAMSON OPTICAL COMPARATORS 


The Essence of Quality Control 


Jones & Lamson Optical Comparators are designed and built like rugged machine tools to withstand 
vibration and hard use. Yet they have the built-in accuracy to satisty the most exacting laboratory 
standards 
@ They meet the requirements of toolroom, laboratory and production inspection. 
@ They precisely measure height, depth, lead or spacing, as well as angles to degrees and minutes 
They will measure to .0001” 
@ Theycompare intricately contoured parts with a master outline — and measure the amount of error. 
@ They are convenient to operate, easy to set up and read direct — usthout computation. 
@ They operate under normal lighting conditions. No darkroom is needed 
@ They will photograph the enlarged shadow and record its relationship to a master chart. 
@ Several persons may study the shadow at the same time 
@ They will inspect and measure surface contours, as well as profiles of objects such as type 


faces, stamping dies, punches, worn tools, etc. 


Direct Pedestal Type 


Projection 30” Diam. Screen 
Type 


Vertical Type i Sf MS FL 


14” Diam. Screen 
Jones & Lamson Machine Company 


510 Clinton Street, Dept. 710 
Springfield, Vermont, U.S.A 
Please send Comparator Catalog No. 402 


| NAME 
COMPANY 


JONES & LAMSON (5 oar 7 “aaa 


1 
JONES & LAMSON MACHINE COMPANY COMPARATOR DIV. 
510 Clinton St., Springfield, Vt., U.S.A. ® Dept. 710 CITY 


===> A complete line of STANDARD CHARTS 
and FIXTURES is maintained by us. 











100% Inspection Pays as this Federal Electronic Sorting Gage automatically 


measures 8000 roller bearings an hour. It checks their O.D. and length. . 
into 12 acceptable classifications 0.0001” apart... 


“scrap” or “salvage”. 


. Sorts 


sends off-size bearings to 


100% Inspection Is Now Profitable! 


Quality vs. Cost is no longer a battle 
in many mass-production plants. 
Their process, production and quality 
control engineers have struck a per- 
fect balance. They did it by installing 
high-speed measuring, dimensional 
control and sorting equipment in 
their production lines. 


How can you improve quality while 
increasing profits? It’s easy to find 
out. Just send for the bulletin “High- 
Speed Automatic Gaging and Sorting 
by Federal’. It shows how Federal 
automatic gages are achieving results 
like these: 
1. Slashing rejects as much as 35% 
while sorting into 16 size cate- 
gories 0.0001” apart. 


Maintaining accuracies of better 
than 0.00005” all day long by 
measuring work in process and 
automatically adjusting the 
machine to hold tolerances. 


lak 


3. Inspecting and sorting for 9 
separate specifications at a specd 
of more than 3000 pieces an hour. 


4. Sorting 7200 odd-shaped pieces 
an hour into 5 “good” groups 
while rejecting “bad” pieces for 
either of two wrong angles. 


Seeing’s believing! These and more 
than 40 other case studies are covered 
in detail in Federal’s bulletin 72 on 
“High Speed Automatic Gaging and 
Sorting”. It will help your engineers: 

1) Federal has already solved your 
sorting or dimensional control prob- 
lem; (2) An existing Federal gage 
may be easily adapted for your pur- 
or (3) Federal engineers can 
develop the gage that will make 100% 
inspection pay off for you. So, write 


poses ; 


for your copy today. Federal Products 
Corporation, 4155 Eddy Street, 
Providence 1, R. I. 


EDERA 


FOR ANYTHING IN MODERN GAGES... 


Dial indicating, Air, Electric, or Electronic — for Inspecting, Measuring, Sorting or Machine Size Control 








= 
a 
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Quality Control Costs Less with this 
Federal semi-automatic electronic sorting 
gage. It simultaneously 
dimensions of plastic sleeve assemblies . . . 
divides pieces into four categories: (1) All 
dimensions good; (2) O.D. oversized; (3) 
I.D. of holes undersized; (4 


measures four 


rejects. 


Production is More Uniform with this 
Federal machine-control, continuous-meas- 
uring gage It automatically speeds up or 
slows down the wire coating machine to 
maintain a uniform thickness of plastic or 
rubber insulation. 


Sorting is Faster, More Accurate as this 
Federal automatic gage measures and sorts 
automotive piston pins at a rate of more 
than 3000 an hour. Located at the exit side 
of a centerless grinding machine, it also 
directs acceptable pins to packagers. 





